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ABSTRACT
Visual Perspective Taking in Autism Spectrum Disorders
by
Erin L. Reilly
Advisor: Richard G. Schwartz, Ph.D.
Individuals with autism spectrum disorders (ASD) have difficulty in recognizing
environmental perspectives other than their own. Perspective-taking deficits impact language use
and understanding in discourse and more general social and cognitive function. Despite
extensive research on perspective taking abilities in individuals with ASD, many factors have not
been fully examined. This study further examined the contribution of angular disparity,
anthropomorphism of an observer, and language use on visual perspective-taking.
Individuals with (ASD) demonstrate a strength in visual spatial cognition and a weakness
in visual social cognition. This study examined the factors that may cause people with ASD to
have difficulties in taking another’s visual perspective including the impact of angular disparity
between the participant’s and observer’s perspectives and the impact of anthropomorphic
features on observers. Participants included 15 children with autism spectrum disorders and 15
neurotypical children. This study included three experimental tasks. The first was a visual
perspective taking task (VPT2), which examined the participants’ ability to judge how a depicted
observer perceived an object. In the visual perspective taking task, the observer viewed the
object from different angles, including some trials with angular disparity between the
participant’s and the observer’s viewpoints causing opposing views of the same item. The
anthropomorphic features of the observer were manipulated by including a block figure, a
cartoonish line drawing of a female, and more a naturalistic line drawing of a person (female).
iv
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The second task included a mental rotation task that required the participant to make judgments
about whether two three-dimensional figures were rotations of one another or mirror-images.
The third task included the visual perspective taking language task. Participants were required to
direct the examiner on how to complete an image based on varying degrees of angular disparity
between the participant and examiner’s viewpoints.
The VPT2 and mental rotation tasks were computerized and used eye tracking to gather
information about participants’ fixations to images and eye gaze patterns. Data analysis
examined eye tracking, reaction time, and accuracy data. Visual perspective taking reaction time
results were compared to standardized language scores and a standardized non-verbal
intelligence standard scores. For the third task, accuracy and language use type were coded.
Participants with ASD were less accurate on the visual perspective taking eye tracking task but
performed with a similar degree of accuracy on the mental rotation and language tasks. In
addition, participants with ASD fixated on the observer more than the object when compare to
neurotypical peers. All of the participants used similar language when directing another person
on the language visual perspective taking task that did not require looking at the other person.
Based on the results of this study, it appears that individuals with ASD are less accurate and use
different strategies when completing VPT2 tasks but they use similar language with a similar
degree of accuracy when directing another person on a VPT2 task. This may be due to a variety
of factors such as the social qualities of the depicted observers, the need to take into account the
depicted observers’ location in space, and difficulties suppressing their own egocentric
viewpoints.
Overall, participants with ASD demonstrated difficulties understanding the visual
perspectives of depicted observers which was no the result of mental rotation abilities. Although,
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they demonstrated this difficulty, they were able to verbally direct another person on a VPT2
task as accurately as their neurotypical counterparts.
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Introduction
One hallmark deficit of autism spectrum disorders (ASD) is difficulty in recognizing
environmental perspectives other than their own. A deficit in perspective taking can negatively
impact a person’s ability to understand another’s viewpoint which could impact a person’s social
and cognitive abilities including following directions or engagement in a conversation with
another person. A deficit in understanding what the listener knows can have negative impact on
conversational skills and negatively impact social relations. In addition, this can negatively
impact performance on cognitive tasks because the individual with ASD does not understand the
expectations of the examiner. Despite extensive research on perspective taking abilities and
ASD, there are many factors that have not been examined and will further aid in the
understanding of how people with ASD make decisions in social contexts. This study further
examined the factors that potentially contribute to a deficit in visual perspective taking in people
with autism spectrum disorders.
Overview of Visual Perspective Taking
There are multiple components involved in understanding another’s visual perspective. In
order to comprehend an observer’s visual perspective, a person is required to attend to and
follow the observer’s eye gaze and/or actions on an object (Tversky & Hard, 2009; Mazzarella,
Hamilton, Trojano, Mastromauro, & Conson, 2012; Furlanetto, Cavallo, Manera, Tversky, &
Becchio, 2013). After following the observer’s eye gaze, the person is required to recognize what
and potentially how the observer perceives the object. The participant and observer may have
differing views of the object, causing the object to look different depending on each person’s
viewpoint. Therefore, for a participant to perceive an observer’s view of an object accurately, the
participant will most likely need to adopt an allocentric viewpoint while simultaneously

VISUAL PERSPECTIVE TAKING IN ASD

suppressing or otherwise controlling of their own (egocentric) interfering viewpoint (Samson,
Apperly, Kathirgamanathan, & Humphreys, 2005; Surtees & Apperly, 2012).
Types of Visual Perspective Taking
Visual perspective taking 1.
There are two different types of visual perspective taking (VPT) tasks, which differ in the
type of information a person can obtain from an observer’s viewpoint of an item. VPT1 tasks
assess the ability to understand what an observer can see. For example, Baron-Cohen (1989) had
an observer sit with a variety of objects next to and above him. The observer looked at one of the
objects and the participant was required to follow the observer’s eye gaze and identify the object
viewed by the observer. This task does not require the use of allocentric strategies because the
participant and observer share compatible perspectives. This visual perspective taking skill is
developed at an early age of 2 years old (Moll & Tomasello, 2006).
There is a general consensus that people with ASD are able to perform VPT1 tasks as
well as their neurotypical counterparts. Although most studies found that people with ASD are
able to follow an observer’s perspective in VPT1 tasks (Baron-Cohen, 1989; Zwickel, White,
Coniston, Senju, & Frith, 2011), Warreyn, Roeyers, Oelbrandt, and DeGroot (2005) found that
very young children with ASD demonstrated difficulties with a VPT1 task. Their results might
have been contributed to participant selection and study design. Their participants with ASD
were younger than participants in other studies with ages ranging between four to seven years
old. Although, this is older than the age of 2 which is the age of acquisition of VPT1 (Moll &
Tomasello, 2006), there may be differences in the age that individuals with ASD develop VPT1.
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In addition to their young age, some of participants in the ASD group did not meet the DSM IV’s
criterion for ASD.
The design of the study might have impacted results as well. Participants sat between two
tables. One table contained three toys (doll, bear, and ball) in a triangle orientation, whereas the
other table contained three blocks, differing in color, that were placed in a line. Therefore, the
tables differed in both orientation and types of objects. People with ASD were able to follow an
observer’s gaze when looking at a block but had difficulty when the observer was looking at a
toy. Previous studies have found that people with ASD fixate on images of geometric patterns
longer when compared to social images (Pierce, Conant, Hazin, Stoner, & Desmond, 2011;
Pierce, Marinero, Hazin, McKenna, Barnes, & Malige, 2016; Moore, Wozniak, Yousef, Barnes,
Cha, Courchesne, & Pierce, 2018), therefore it is possible that these results may be less
indicative of VPT1 performance and more indicative of stimulus preference. Overall, people
with ASD are able to understand what another person can see. In contrast, the ability to
understand how another person views an object does not have a clear consensus.
Visual perspective taking 2.
VPT2 tasks are more complex than VPT1 tasks. A participant has to demonstrate an
understanding of how an observer sees an item. The classic Three Mountains Task (Piaget &
Inhelder, 1967) is an example of a VPT2 task. For this task, three mountains differing in color
and other attributes were displayed. The participant had to demonstrate an understanding of the
observer’s view the mountains. In more recent VPT2 tasks, a participant and an avatar viewed a
number 6 when they shared the same perspective. When the participant and avatar had an
angular disparity of 180 degrees, the participant would see a 6, whereas the avatar viewed the
number as a 9, resulting in contrasting perspectives. In order to understand the avatar’s
3
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perspective, the participant benefitted from suppressing his own perspective in order to make a
decision about the observer’s perspective (Qureshi, Apperly, & Samson, 2010; Surtees &
Apperly, 2012).
Different studies have found different ages of acquisition for VPT2 abilities. According
to Piaget and Inhelder (1967), children develop VPT 2 abilities at age 9, whereas Borke (1975)
found children to have proficiency in VPT2 as young as age 4. These studies differed in how the
participants were required to respond to the stimuli. Piaget and Inhelder (1967) required the
participants to make a decision about an observer’s perspective of three-dimensional objects by
pointing to two dimensional pictures whereas Borke (1975) required participants to make a
decision about three-dimensional objects with three-dimensional objects. It is hypothesized that
using three-dimensional objects to respond to three-dimensional objects reduced complexity of
the task, resulting in an ability for younger children to find success.
VPT2 in autism spectrum disorders.
There is a controversy over the VPT2 abilities of people with ASD. David et al. (2010)
found that individuals with ASD performed the same as neurotypical individuals, whereas other
studies (Hamilton et al., 2009; Russo et al., 2018) found that they were less accurate when
completing a VPT2 task. These studies may have divergent results due to differences in
participant selection and study design. David et al. (2010) used adults with Asperger’s syndrome
with average IQs, whereas Hamilton et al. (2009) used children with ASD between the ages of
4.9 to 12.9 years with receptive vocabulary scores that were more than two standard deviations
below the mean. In addition, the participants in Russo et al. (2018) had an average age of 5.5
years and intellectual quotient of 62.56 which is more than two standard deviations below the
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mean. These findings suggest a potential relationship between VPT2, intelligence, and age.
Therefore, further research is needed to understand VPT2 in individuals with ASD.
Components of VPT2.
Language abilities.
The participants with ASD in the Hamilton et al. (2009) and David el al. (2010) studies
differed in their reported general cognitive and language abilities. The participants with ASD in
David et al. (2010) had similar verbal IQ scores to their neurotypical counterparts, whereas the
participants in Hamilton et al. (2009) performed two standard deviations below the mean on a
standardized receptive vocabulary test (not an ideal sole measure of language). The impact of
language abilities on VPT2 performance has never been examined, but individuals with ASD
produce more linguistic errors when describing locations on a non-social spatial task
(Bochynska, Vulchanova, Vulchanov, & Landau, 2020). Although, this use of language has been
examined in VPT 2 for individuals with ASD, it has been examined in neurotypical individuals.
Schober (2009) found that neurotypical adults with higher mental rotation abilities were
able to better verbally direct another person in a VPT2 task when compared to a person with
lower mental rotation abilities. This was exhibited by using more allocentric language to match
the observer’s perspective of an image, whereas the participants with lower mental rotation
abilities used language from their own perspective of an image. In addition, the participants with
higher mental rotation abilities, produced less words to get the observer to understand their
visual perspective. Although a relationship between mental rotation and language in use when
completing VPT2 tasks, the direction of the relationship is unclear. In contrast, Hamilton et al.
(2009) and David et al. (2010) did not require participants to verbally direct another person when
completing their VPT2 tasks. Therefore, a potential relationship between VPT2 and language
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abilities has never been examined in individuals with ASD. Additionally, the mental rotation
abilities of the participants in these studies were not assessed using non-social cognitive
experiments, so a correlation between language abilities and mental rotation abilities could not
be established for individuals with ASD. It is imperative to gain an understanding of the impact
of a participant’s language abilities when completing VPT2 tasks in order to gain an
understanding of the role in VPT2.
Anthropomorphic features.
Another potentially important factor in VPT2 performance is the anthropomorphic
features of the observers. Although this has never been examined directly in people with ASD,
they do influence VPT2 results in neurotypical adults (Shelton, Clements-Stephens, Lam, Pak, &
Murray, 2012; Clements-Stephens, Vasiljevic, Murray, & Shelton, 2013). In several VPT2
studies, the anthropomorphic features of the observer varied. In one study, the participant was
required to take the perspective of a block, which contained the fewest anthropomorphic
features, a faceless artist doll, and a Barbie doll, which had the most anthropomorphic features.
In these studies, participants were administered the Autism Quotient (AQ: Baron-Cohen et al.,
2001)., which is a questionnaire that examines whether individuals have qualities associated with
ASD. Neurotypical adults, who scored lower on the AQ, which was indicative of higher social
skills, were impacted by the differences in anthropomorphic features of the observers. They
displayed faster reaction times when examining the visual perspective of the Barbie compared to
the block. However, neurotypical adults with lower social skills scores were not influenced by
these features (Clements-Stephens et al., 2013). Therefore, based on these results, adults with
greater social skills are more impacted by anthropomorphic features than adults deemed as
having reduced social skills. This could lead to further implications for individuals who have
ASD.
6
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People with ASD may perform similarly to neurotypical adults with higher scores on the
AQ. They may perform similarly or perform better with a simpler object that lacks
anthropomorphic features. Although, there is no evidence regarding the impact of
anthropomorphic features on performance, individuals with ASD are faster at identifying
geometric shapes within a human figure when compared to their neurotypical counterparts
(Herringshaw, Kumar, Rody, & Kans, 2018). Additionally, the influence of anthropomorphic
features may be dependent on the strategy that they use to complete the task. If they use a rulebased strategy, then the anthropomorphic features of the observer will not impact their results.
An example of a rule-based strategy is associating an observer’s left hand to the participant’s
right hand. If they use a disembodied strategy where they take into account the observer, then the
anthropomorphic features of the observer may impact results. Mo, Liang, Bardikoff, and
Sabbagh (2019) found that individuals with ASD had more difficulties shifting attention between
images assumed to be of interest for individuals with ASD (e.g., clothes, plants, furniture, etc.)
and social images (e.g., happy males and females) whereas they were more readily able to shift
attention among images assumed to be interesting to individuals with ASD (e.g., trains,
computers, road signs, etc.) in a similar manner to neurotypical controls. Therefore, individuals
with ASD should be able to shift their attention between geometric and preferred items of high
interest. This would cause them to take the perspective of an observer with fewer
anthropomorphic features more accurately and with a faster reaction time when compared to an
observer with more anthropomorphic features if the figure with fewer anthropomorphic features
is of interest to them.
The studies reported by David et al. (2010) and by Hamilton et al. (2009) differed in the
anthropomorphic features of the observers. The former used a computer avatar of a man as an
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observer, whereas the latter study used a toy doll. A toy doll may have a higher degree of
anthropomorphic features due to its three-dimensionality, whereas the computer avatar is a
simpler two-dimensional line drawing of a man. Therefore, this could account for the differences
in the results between the two studies.
Strategy use.
Another difference between the two VPT2 studies could be the types of strategies used to
complete the tasks. A rule-based strategy could have been used by the adults in the David et al.
(2010) study. A computer avatar sat in the middle of a screen with objects to its left and right.
For all trials, the participant could succeed by remembering that the avatar’s left was equivalent
to the participant’s right and vice versa. Participants would be more likely to succeed with this
strategy than by using a disembodied strategy that treats the perspectives of the participant and
observer independently.
One disembodied strategy requires suppression of one’s own viewpoint in order to take
the perspective of the observer. This strategy is called mental self-rotation and it is one of the
three common strategies that a person can use when completing VPT2 tasks. The mental selfrotation strategy is the most common; Gardner et al. (2013) found that 59% of their participants
used this strategy. According to Kessler and Wang (2012), this strategy is used by neurotypical
people with higher social skills as reflected by low scores on the Autism Quotient. The mental
self-rotation strategy requires a participant to imagine himself in the observer’s seat by using a
disembodied strategy. This strategy is revealed by a slower reaction time as angular disparity
increases (Kessler & Thompson, 2010; Samson & Apperly, 2013). When viewing the observer
and object, the participant spends more time looking at the observer.

8
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There are two other strategies that could be used in VPT2 tasks. The second most
common strategy is another disembodied strategy, mental object-rotation. In order to complete a
VPT2 task with this strategy, the participant will mentally rotate the object around himself.
Gardner et al. (2013) found that 40% of their participants used this strategy. Similar to mental
self-rotation, mental object-rotation is also reflected in a slower reaction time as degree of
rotation increases, but with less of a substantial difference in reaction time (Kessler &
Thompson, 2010; Samson & Apperly, 2013). There is a potential confound in using only
reaction time data to make decisions about strategy use since both mental self-rotation and
mental object-rotation lead to slower reaction times when degree of disparity increases, albeit to
various degrees. By combining eye tracking data and reaction time data, more conclusive
strategy use can be inferred. More critically, when using the mental object-rotation strategy, the
participant will spend more time fixating on the object than the object’s observer. This differs
from the mental self-rotation strategy where the participants spend more time fixating on the
observer than the object.
The least frequently used strategy is called mental viewpoint. This is the rule-based
strategy where the participant uses visuospatial cues to calculate how the observer views the
object. For example, the participant will create a rule that when given an angular disparity of 180
degrees, the participant’s perspective is opposite to the observer’s viewpoint. Since this is a rulebased strategy that uses visuospatial cues, degree of rotation does not impact performance.
Therefore, reaction time will not change across angular disparities (Kessler & Wang, 2012). In
addition, fixations to the object and observer should not differ.
People with ASD have been found to use a mental viewpoint strategy, using visuospatial
cues when completing a VPT2 task, which included objects only to the left and right of the

9
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observer (Conson et al., 2015). This strategy has been used by children with ASD in other visual
spatial cognitive tasks, such as mental rotation tasks of three-dimensional objects (Falter,
Plaister, & Davis, 2008). Therefore, a person with ASD may benefit from a task that can be
completed using a rule-based strategy. Because the design of the study conducted by David et al.
(2010) was similar to that of Conson et al., (2015), the mental viewpoint strategy could have
been easily used to complete the task, by adopting a rule that the avatar’s left is the participant’s
right.
In contrast, the VPT2 task used by Hamilton et al. (2009) included an object that rotated
on a Lazy Susan table. Degrees of rotation included 90 ͦ, 180 ͦ, and 270 ͦ. The rotation of the object
created trials with different degrees of angular disparity between the viewpoint of the doll (which
acted as the observer) and the participant. The use of visuospatial cues to complete this task
would not be as efficient as using strategies that require the participant to either imagine himself
in the observer’s position or rotate the object around himself due to having a range in degrees of
rotation. When completing VPT2 experiments with varying degrees of angular disparity,
neurotypical adults respond slower as degree of angular disparity increases (Kessler &
Thompson, 2010; Apperly & Samson, 2013). For example, an angular disparity of 90 ͦ would
result in a faster reaction time than an angular disparity of 180 ͦ. In contrast, when using a rulebased strategy, based on visuospatial cues, participants are often slower overall. This strategy has
not been thoroughly examined in VPT2, but it has been examined in mental rotation of threedimensional objects. Given mental rotation tasks of three-dimensional stimuli, participants who
use a rule-based strategy are not impacted by angular disparity (Just & Carpenter, 1988).
Therefore, it can be hypothesized that people with ASD use the same rule-based strategy when
completing mental rotation and VPT2 tasks. Hence, this strategy may be effective within the
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visual-spatial cognitive task of mental rotation and ineffective within the more social task of
VPT2 if the VPT task includes various degrees of rotation.
Mental Rotation of Three-Dimensional Stimuli
Stronger mental rotation abilities are associated with better VPT2 performance in
neurotypical adults. Two different strategies used to complete VPT2 tasks require mental
rotation. Therefore, it is pertinent to further consider the nature of mental rotation tasks.
Mental rotation involves deciding whether rotated figures are simply rotations or mirrorimages. Some studies involve making a decision about which objects are rotations of another
object from a field of four, whereas other studies involve making a decision about two objects.
For studies that include a decision based on two images, the participant indicates whether the
objects are the same (rotations of one another) or different (mirror-images of one another).
Various stimuli have been rotated including letters and hands. The traditional stimuli include
three-dimensional block figures, created by Shepard and Metzler (1971). Mental rotation
performance using these figures have differed in reaction time across age groups, with young
adults and adolescents performing the tasks faster than children between the ages of 9-12 years
old (Geiser, Lehmann, & Eid, 2008). Neurotypical participants who performed better on spatial
ability tasks demonstrated a faster reaction time when completing mental rotation tasks
(Khooshabeh et al., 2013).
Language, non-verbal intelligence, and mental rotation.
In addition to spatial abilities, there are other factors that impact mental rotation results,
including language abilities. Mental rotation abilities have been examined in individuals with
specific language impairment (SLI) in order to identify the impact of language abilities in
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completing a mental rotation task with two dimensional geometric images. Individuals with SLI
who have non-verbal IQs above a standard score of 85 are as accurate when completing mental
rotation tasks as their neurotypical counterparts; however, they are less accurate when they have
a non-verbal IQ with standard scores between 72-83 (Miller, Tomblin, Leonard, Francis, 2006).
Individuals with SLI with non-verbal IQs within the average range of functioning were slower
when completing mental rotation tasks of two-dimensional geometric figures (Johnston & Ellis
Weismer, 1983). This may reveal that there is linguistic involvement in what is perceived as nonverbal mental rotation tasks. Different stimuli used in mental rotation tasks may yield different
results. Guarnera, Commodari, and Peluso (2012) found that when given images of rotated hands
and cars, there are no differences in accuracy or reaction time between individuals with and
without SLI. It should be noted that they did not evaluate the non-verbal IQ of participants in this
study.
The results from Miller et al. (2006) and Johnston et al. (1983), show that there is a
relationship between language and mental rotation. Additionally, the type of language
knowledge that a person has impacts mental rotation abilities. Children who are exposed to more
spatial language use by their parents are more accurate when completing mental rotation tasks
(Levine, Ratliff, Huttenlocher, & Cannon, 2012). Overall, it appears that non-verbal intelligence
and language play a role in mental rotation, but the language demand may differ based on the
stimuli that is used.
Autism and mental rotation.
Mental rotation abilities have also been examined in people with ASD. Individuals with
ASD perform similarly to neurotypical control participants when rotating three-dimensional
stimuli (Silk et al., 2006; Liu et al., 2011; Ring, Gaigg, Altgassen, Barr, & Boweler, 2018;
12
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Rohde, Georgescu, Vogeley, Fimmers, Falter-Wagner, 2018), two-dimensional figures
(Soulières et al., 2011), letters (Beacher et al., 2012; Soulières et al., 2011), and drawings of
rotated hands (Soulières et al., 2011). Individuals with ASD are more accurate (Soulières et al.,
2011) than neurotypical individuals or equivalently accurate (Ring et al., 2018; Rohde et al.,
2018) when rotating three-dimensional figures and perform at a similar (Rohde et al., 2018) or a
faster reaction time (Falter, Plaisted, & Davis, 2008; Soulières et al., 2011). Falter et al. (2008)
examined the participants’ reaction time in relation to slopes and intercepts separately in a
mental rotation task. They identified slopes as measuring speed of rotating the figures and
intercepts as measuring the speed of making comparisons between non-rotational aspects of
mental rotation. Although they did not find significant results, they found a trend for individuals
with ASD to perform with a faster reaction time based on the intercept results. This is indicative
of using more comparisons between figures rather than the rotating the figures, which means the
individuals with ASD used a visuospatial approach to complete the task.
There are differences in performance within the ASD population. Performance on mental
rotation tasks varied depending on the visual spatial abilities of the participants with ASD. One
group had significantly higher scores on the Block Design subtest of the Wechsler Intelligence
Scales (WISC; Weschler, 1997) when compared to other WISC subtests. They also outperformed
the neurotypical participants in the study. The other group of individuals with ASD had scores on
the block design task subtest that were comparable to their scores on other WISC subtests and
also similar to the block design scores of the neurotypical control participants. It should be noted
that although the individuals with ASD were broken up into two separate groups based on their
visual spatial abilities, performance on this task was most likely continuous rather than
dichotomous. All of the participants with ASD were more accurate than the neurotypical controls

13

VISUAL PERSPECTIVE TAKING IN ASD

on three-dimensional mental rotation tasks. The participants with ASD who had higher block
design scores outperformed the other group of ASD participants and the neurotypical controls.
This shows that there are individual differences among people with ASD; as the group with
lower spatial abilities performed more similar to the control group on two-dimensional mental
rotation tasks (Soulières et al., 2011). Although differences in performance have been found
based on spatial abilities, potential differences in strategy use within the ASD population has
never been examined.
Autism, language, and mental rotation.
Although spatial abilities have been examined as factors that determine mental rotation in
individuals with ASD, language abilities have not been examined. Falter et al. (2008) did not
administer a language evaluation to the children in their study. Soulières et al. (2011)
administered the Weschler Intelligence Scales- Third Edition (WAIS III: Weschler, 1997) to all
of their participants. There were no group differences in performance on the Verbal IQ scale.
The previous studies examining mental rotation in individuals with ASD appear to only use
individuals with language scores within or above an average range of functioning. This is
limiting because there is a diverse range of language abilities in individuals with ASD from those
who are non-verbal to individuals who receive scores above the mean on receptive and
expressive standardized language evaluations (American Psychiatric Association, 2013). As
stated previously, there are differences in performance between individuals with SLI and their
neurotypical counterparts, resulting in individuals with SLI performing with a slower reaction
time. Additionally, individuals with SLI with non-verbal IQ’s between 72-83 have a slower
reaction time and are less accurate (Johnston & Ellis Weismer, 1983). Therefore, since there is a
diverse range of non-verbal and language abilities with the ASD population, it would be
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beneficial to further examine individuals within the spectrum of abilities including those who
perform below the average range on standardized language and non-verbal intelligence tests.

Strategy use.
Similar to VPT2, participants use three major strategies when completing mental rotation
tasks of three-dimensional stimuli. These include the piecemeal strategy, the holistic strategy,
and the viewpoint independent strategy. The piecemeal strategy involves rotating parts of figures.
Piecemeal strategizers display a steep slope with an increase in reaction time as angular disparity
increases (Just & Carpenter, 1985). This strategy is also observed with eye tracking technology.
Eye scanning patterns for individuals using the piecemeal strategy reveal a large quantity of left
and right movements between the two figures (Covre et al., 2005). The piecemeal strategy is not
efficient, resulting in slower reaction time when compared to use of the other strategies, and is
used by people with low spatial abilities (Khooshabeh et al., 2013).
The holistic strategy involves mental rotation of the entire figure and is considered more
efficient than other strategies (Göksun et al., 2013; Khooshabeh et al., 2013). Holistic
strategizers exhibit a similar pattern to piecemeal strategizers with an increase in reaction time as
angular disparity increases. The difference is that there is less of an impact on reaction time
when compared to piecemeal strategizers, causing a gradual slope. A steeper slope is displayed
with the piecemeal strategy (Just & Carpenter, 1985). Eye gaze patterns in the holistic approach
form an inverted triangle, whereas the gaze patterns in the piecemeal approach include numerous
left and right movements between the two figures. The eye gaze pattern of an inverted triangle is
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formed because the participant is rotating the entire object to see that it is a rotation of the other
object (Covre et al., 2005). A clear distinction can be made between the holistic approach and the
piecemeal approach by collecting data on eye gaze patterns in conjunction with slope and
intercept data.
The third strategy reported in mental rotation studies, the viewpoint independent strategy,
is a non-rotational approach. It is a rule-based strategy, similar to the mental viewpoint strategy
from the VPT2 literature. This strategy involves focusing on internal components of figures.
Individuals who use this strategy are not impacted by rotation; therefore, reaction time does not
change as angular disparity increases. Non-rotational components of mental rotation include
comparing and encoding the images of the figures (Gill et al., 1998). According to Just and
Carpenter (1985), this strategy involves coding each internal structure with a top or bottom.
Given eye tracking technology, non-rotational strategies are apparent when one figure is fixated
on for a prolonged period of time, instead of scanning between figures. Scanning between figures
is indicative of rotating figures. Neurotypical people with high spatial abilities have used the
viewpoint independent strategy when completing complicated mental rotation tasks (Khooshabeh
et al., 2013).
This study examined the VPT2 abilities in children with and without ASD using eye
tracking. Fixations to stimuli combined with angular disparity and reaction time can reveal the
strategies used by participants to complete the VPT2 task. These strategies can then be compared
to those that participants use when completing the mental rotation of three-dimensional objects.
In addition, the anthropomorphic features of the observers in the VPT2 task were manipulated to
examine the effects of the social features of the stimuli. A visual spatial task that required the
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participant to direct another person verbally was used to examine language use by individuals
with and without ASD.

Purpose
Research Questions and Hypotheses.
In summary, people with ASD have exhibited divergent performances on VPT2 tasks.
This may be due to differences in degrees of angular disparity, anthropomorphic features of
stimuli, and language abilities of participants. The strategies used by people with ASD may be a
cause of this potential area of weakness. This study will address the following research
questions.
1. Are people with ASD influenced by differences in anthropomorphic features of stimuli?
Neurotypical children will either perform with a faster reaction time or will not show a
difference in reaction time given observers with more anthropomorphic features compared to
observers with less anthropomorphic features. This is supported by Clement-Stephens et al.
(2013), finding that neurotypical adults either performed with a faster reaction time given
observers with more anthropomorphic features or did not differ in performance, depending on
how they scored on the Autism Quotient. In contrast, it is hypothesized that the individuals with
ASD will become impacted by the anthropomorphic features of stimuli. They will either perform
faster or slower given the observer with the fewest anthropomorphic features. Pierce et al. (2011)
found that people with ASD fixate longer on geometric figures than more social stimuli. Based
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on an increase in fixations on the geometric figures, it can be hypothesized that there would be
an increase in reaction time. However, Herringshaw et al. (2018) found that individuals with
ASD were significantly faster when identifying shapes within a human figure when compared to
neurotypical participants. In addition, Mo et al. (2019) found that individuals with ASD shift
attention faster given images of objects that are generally geometric but also deemed of interest
to the ASD population. Therefore, it can be hypothesized that people with ASD will be impacted
by the geometric figure more than the other figures in terms of reaction time and fixation data
but there is contradictory information about how these results will differ.
2. Will the varying degrees of angular disparity impact results in individuals with ASD
differently than neurotypical individuals?
It is hypothesized that the degrees of angular disparity will not impact results for
individuals with ASD in the VPT2 and mental rotation tasks. Previous studies have found that
individuals with ASD perform the same (Soulières et al., 2011) or better than neurotypical
individuals (Ring et al., 2018; Rohde et al., 2018) in mental rotation task of varying angular
disparities. Therefore, the degree of angular disparity should not impact results of individuals
with ASD on VPT2 or mental rotation tasks when compared to their neurotypical counterparts.
3. Do all people with ASD use the same strategies when completing VPT2 tasks and are the
strategies consistent within individuals? Do they use the same strategies when
completing VPT2 tasks as they do when completing a mental rotation task of threedimensional stimuli?
Neurotypical participants will use the disembodied strategies of mental self-rotation or
mental object-rotation as reported previously in Gardner et al. (2013), whereas individuals with
ASD will use only the non-disembodied strategy of mental viewpoint strategy. Adolescents with
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ASD were more likely to use a visuospatial cue, rule-based strategy to make perspective taking
decisions (Conson, et al., 2015). Falter et al. (2009) found that children with ASD used
visuospatial cues when making decisions during a mental rotation task of three-dimensional
stimuli. Therefore, it is hypothesized that the participants with ASD will use similar strategies for
the VPT2 and mental rotation tasks.
It is hypothesized that the neurotypical participants may switch strategies throughout the
task. As they become more comfortable with the task, they will switch to more efficient
strategies. Neurotypical adults switch strategies in mental rotation tasks of three-dimensional
stimuli (Khooshabeh et al., 2013). The ability to switch strategies used in the ASD population
has never been examined. In addition, age effects of strategy use in the neurotypical and ASD
population has never been examined.
4. How will the non-verbal intelligence and language abilities of individuals with ASD
impact VPT2 abilities?
The non-verbal intelligence abilities of individuals with ASD has never been examined in
relation to VPT2. It has been examined when completing mental rotation tasks of threedimensional stimuli and individuals with ASD with high spatial abilities were more accurate than
individuals with ASD with lower spatial abilities (Soulières et al., 2011). Therefore, it can be
hypothesized that individuals with ASD are more accurate on VPT2 task given higher non-verbal
intelligence scores.
Language abilities have not been examined when in VPT2. Based on the differences
between the David et al. (2010) and Hamilton et al. (2009)’s participants and results, it can be
hypothesized that individuals with ASD with higher language scores on a standardized
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assessment will be more accurate on the VPT2 task than individuals with ASD with lower
language scores.
5. How will people with and without ASD use language to direct an observer in a VPT2
task?
Neurotypical participants with higher mental rotation scores will use more allocentric
language when directing an observer in a VPT2 tasks whereas neurotypical participants with
lower mental rotation abilities will use egocentric and object-focused language. Although
language use in VPT2 tasks has never been examined, it is hypothesized that participants with
ASD will use more object-focused language due to the preference to geometric figures (Pierce et
al., 2011).
Method Overview
Participants
This study included two groups; a control group of neurotypical children and a group of
children with ASD. The neurotypical participants were between the ages of 8-12 years old. The
participants had no history of hearing loss, language disorder, and neurological disorder. Based
on parental report, there was no history of grade repetition or special education services.
Participants received a standard score of 85 or above on the CELF-5. They also had a score of
below 7 on the Autism Diagnostic Observation Schedule- Second Edition (ADOS-2: Lord et al.,
2012).
The participants with ASD included 15 children between the ages of 8-12. Diagnosis was
confirmed by having participants complete Module 3 of the ADOS-2. They all received a score
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of 7 or higher on Module 3 in order to confirm a diagnosis of ASD. In addition, these
participants completed the CELF-5, but results did not exclude participants.

Overall Procedure
All participants were compensated for their time. They received $10 an hour for
participation. The study was discontinued if requested by participants or their parents. If
participants decided to discontinue the study, they were compensated for the time that they
participated. No participants requested termination of the study.
Eye Tracking Apparatus
Participants completed eye tracking experiments for Experiment 1 and 2 using the
compact screen-based eye tracker (TET-C60: Tobii Pro X2-60 and TET-C120: Tobii Pro X3120), which has a gaze data sampling rate of 60 Hz and 120 Hz. respectively. Matlab analysis
was used post-test to circumvent the differences in the gaze sampling rates and measure fixations
and looks based on a fixed period of time. These eye tracking devices were chosen due to
portability. Two different devices were used because the initial X2-60 had a malfunction so the
X3-120 was used as a temporary replacement. Participants were tested in either their home, at
the Child Language Lab at CUNY Graduate Center, or at a community center. This eye tracker
was affixed to a Dell Precision Laptop and it was placed on top of a table. The participant sat
approximately 18 inches away from the monitor. The experiment ran and data were collected in
the same format as the TET.
Experiment 1: VPT2
Participants
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Participants were recruited from online advertisements, public events, universities, and
schools from Long Island, New York City, and New Jersey. English was the primary language at
home. All participants had no history of a hearing disorder and intellectual deficit. Additionally,
each child received standard scores of 80 or above on the Test of Non-verbal Intelligence- Fourth
Edition or Third Edition (TONI-4: Brown, Sherbenou & Johnsen, 2010). All participants passed
a hearing screening at 500, 1000, 2000, 4000 Hz at 25 dB (ASHA, 1997).
Two groups of participants participated in the VPT2 experiment. The first group
consisted of 17 neurotypical children, 8;10 to 12.9 (M = 10.5 years, SD = 1.6). According to the
background questionnaire, the participants did not repeat a grade and all but two had a history of
academic difficulties (they were excluded). Additionally, none of children had received speech,
language or special educational services. All passed a hearing screening at 500, 1000, 2000, and
4000 Hz. at 25 dB. The two participants who were excluded from the study included the two
children with a history of academic difficulties. One child with a history of academic difficulties
and ear infections. Another child had a history of special education services. After excluding 2
participants, 15 participants were included in the neurotypical control group. The primary
language for all participants was English but several participants were exposed to different
languages. Five of the participants were labeled as moderately proficient in Hebrew by their
caregiver, 1 was described as minimally proficient in Hebrew, one child was described a
moderately proficient in Spanish, and two children were described as minimally proficient in
Spanish. Table 1 includes background information and preliminary test scores for the control
group of 15 neurotypical (TD) participants.
Research Design
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For this eye tracking experiment, the participant viewed a computer monitor and saw an
observer sitting in a chair, looking at a number on a table. Stimuli included black and white line
drawings of a woman sitting in a chair. The participant decided if the observer saw the number 6
or 9 by pressing the 1 on the keyboard for 6 and 2 on the keyboard for 9 (stickers with the
numbers were located on the keys). The observer was placed at different angles around the table,
creating a potential angular disparity between the number that the participant and the observer
saw. Angular disparity between the viewpoints of the participant and observer included 0 ͦ, 45 ͦ,
90 ͦ, 135 ͦ, and 180 ͦ. The 45 ͦ, 90 ͦ, and 135 ͦ images were clock-wise and counter-clockwise.
Depending on the location of the observer, there may be a discrepancy between what the
participant and observer saw. For example, if the observer saw a 6 when seated at the 180 ͦ angle,
the participant saw a 9.
Figure 1. Avatar depicted observer(s) in the VPT2 task.

a.

b.

c.

Note: Image a is the depicted observer with the fewest anthropomorphic features and image c
includes the most anthropomorphic features.
Each trial contained one of three different depicted observers looking at a number. The
three depicted observers differed based on anthropomorphic features. The depicted observers
included a geometric figure sitting in a chair (Figure 1a), a female cartoon figure sitting in a chair
(Figure 1b), and a more realistic female figure sitting in a chair (Figure 1c). There were 150
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trials. There were 30 trials for each angle, 50 trials for each observer, and 10 trials for combined
observer and angle. Given 150 trials and a 50% chance of accurate response per trial, the
binomial probability of getting 50% of the answers accurate based only on guessing is . 065. See
Table A1 in Appendix A for a complete list of the stimuli. Accuracy and reaction time data were
collected. E-prime collected data on the participant’s proportions of fixations to the number or
depicted observer based on areas of interest (textboxes) created by the experimenter.
Participants sat in front of a laptop and were instructed to keep their fingers on the
numbers 1 and 2 on the keyboard. First, the participants’ eye movements and fixations were
calibrated using Tobii Studio. Participants were told to follow a ball as it moved across the
screen with their eyes only. They were reminded to not move their heads. After calibration of eye
movement, participants read the instructions on the computer monitor and completed five
practice trials. They used the keyboard to decide if the depicted observer saw the number 6 or 9,
by pressing 1 on the keyboard for 6 and 2 on the keyboard for 9. Circular stickers with the
numbers 6 and 9 were placed over the 1 and 2 keys on the keyboard as a visual reminder. Verbal
feedback was provided during these practice trials and they saw a visual replay of their gaze
movement for only the practice trials. After the practice trials, participants completed the
experiment of 150 trials, which were randomized within three blocks of 50 trials. After each trial,
participants saw a cross in the middle of the screen before the next trial initiated. Each set of 50
trials ended with an opportunity to have a break. Each trial began with a fixation cross for 1000
ms. After the fixation cross was terminated, each trial was initiated, and each trial ended when
the participant selected the numbers 1 or 2 on the keyboard.
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Table 1
Demographic information for VPT2 Control Group participants
Participant
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
M
SD

Age
12. 7
8. 11
10. 5
11. 8
8. 6
9. 2
11. 5
9. 11
11
11. 4
10. 8
8. 1
12. 9
11. 2
11. 1
10. 53467
1. 557841

Sex
F
M
M
M
F
M
F
F
M
M
M
M
M
M
M

CELF-5
(CLS)
118
107
103
113
100
114
122
123
113
140
125
96
126
127
93
114. 7
13. 1

TONI-4
123
129
115
121
112
114
129
103
107
127
104
101
114
98
108
113. 7
10. 3

MVPT-4
122
121
110
136
110
111
119
103
119
110
125
113
106
116
101
114. 8
9. 2

ADOS
2
0
1
2
1
6
0
1
1
1
1
0
1
2
6
1. 7
1. 9

The second group of participants included 17 children between the ages of 8. 3 years to
12. 11 years (M=11. 4, SD= 1. 4) with ASD. All participants were reported as ASD by their
parents and the diagnosis was confirmed by the administration of the ADOS-2 by the
experimenter. Two participants were excluded. One participant could not be calibrated on the
eye tracker due to a deficit with his eyes (he later participated in the language task) and a second
participant was not able to complete the experiment due to impulsivity. This resulted in 15
participants with ASD. Additionally, some of the remaining 15 participants with ASD, there
were some participants with comorbid disabilities. According to the parent questionnaire, three
participants had dyslexia, nine participants had ADHD, two participants had dysgraphia, two
participants had anxiety disorders, one participant had oppositional defiant disorder, one

25

VISUAL PERSPECTIVE TAKING IN ASD

participant had post-traumatic stress disorder, and one participant had a microduplication at 2p2l.
The primary language for all participants was English, but some participants were proficient in
another language. The parent questionnaire revealed that two participants were minimally
proficient in Spanish, one participant was moderately proficient in Spanish, one participant was
minimally proficient in Hebrew, and one participant was minimally proficient in Portuguese.
Table 2 includes additional background information and preliminary test scores for the 15
participants with ASD.
Table 2
Demographic information for the participants with ASD
Participant
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
M
SD

Age
12. 1
12. 1
12. 9
9. 3
10. 11
12. 9
11. 11
12. 7
10. 7
12
8. 3
12. 3
10. 6
12. 11
11. 4
11. 4
1. 4

Sex
M
M
M
M
M
M
M
M
F
M
M
M
M
F
M

CELF-5 (CLS)
117
116
108
110
102
90
72
110
110
111
111
72
81
114
116
102. 7
15. 9

TONI-4
110
107
118
102
107
109
94
111
99
102
130
99
120
110
95
107. 5
9. 8

MVPT-4
99
96
112
88
125
91
109
94
84
100
120
90
93
96
105
100. 1
11. 9

ADOS-2
8
16
13
13
15
12
16
20
11
14
7
15
14
15
15
13. 6
3. 2

Two-tailed t-tests (95% confidence interval) revealed that there were group differences in
CELF-5, MVPT-4, and ADOS-2 scores. There were no group differences in TONI-4 scores.
Statistical plan.
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Given the U-shape pattern of the behavioral data, angular disparity values above 180 were
projected within the range from 0-180 degrees (e. g. , 315 degrees was treated as a 45 degree
disparity, 270 as 90, and 225 as 135). The relationship between angular disparity and the
behavioral and fixation data was then modeled linearly.
For the behavioral data, multilevel model was run to predict reaction time with fixed effects
of Group, Angular Disparity, and Anthropomorphism and random by-Subject intercepts and slopes
of Angular Disparity and Anthropomorphism. A logistic model with the same fixed and random
effects structure was run on the dichotomous accuracy outcomes.
For the fixation data, a multilevel model was run to predict fixation proportion with fixed
effects of Group, Angular Disparity, and Anthropomorphism and random by-Subject intercepts and
slopes of Angular Disparity and Anthropomorphism on only the data for the number AOI. The
fixation proportion refers to the proportion of trial duration or the proportion of time spent
fixating an object during a given trial. A binary creation variable was created to indicate whether a
fixation occurred to either the head or body at any point during a condition. This was done
because fixation proportion to either head or body was often 0, so the data were better modeled
with a logistic regression. Multilevel logistic models predicting binary fixation were then run in a
stepwise manner by sequentially adding in interaction terms to a model with fixed effects of
Group, Angular Disparity, Anthropomorphism, and Object (i. e. , head and body) and random
by-Subject intercepts and slopes of Angular Disparity and Anthropomorphism. Only the data for
head or body AOIs were included in this analysis. Models were then compared to see whether
the addition of an interaction term improved the model fit. Data where condition accuracy was
equal to 0 were removed prior to running the fixation analyses.
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Results
Behavioral data.
There was a significant effect of group (Est. = 0. 51, SE = 0. 326, p < . 05) and angular
disparity (Est. = 0. 60, SE = 0. 101, p < 0. 001), but not anthropomorphic features on overall
accuracy. None of the interactions were significant (See Table 3 below). Accuracy was higher
for the TD participants and decreased as the degree of angular disparity increased. The top
graphs on Figure 2 show a visualization of group differences in accuracy.
Table 3
VPT2 accuracy analysis
Term

Estimate

Std. Error

Statistic

p. value

p. stars

Group1

0. 509

0. 326

-2. 072

0. 038

*

DegreeScaled

0. 596

0. 101

-5. 122

0. 000

***

Anthropomorphic1ª

0. 842

0. 235

-0. 732

0. 464

Anthropomorphic2ᵇ

1. 526

0. 260

1. 624

0. 104

Group1: Degree Scaled

0. 997

0. 098

-0. 029

0. 977

Group1: Anthropomorphic1ª

1. 101

0. 221

0. 436

0. 663

Group1: Anthropomorphic2ᵇ

0. 630

0. 246

-1. 879

0. 060

Degree Scaled: Anthropomorphic1ª

1. 126

0. 084

1. 410

0. 158

Degree Scaled: Anthropomorphic2ᵇ

0. 901

0. 088

-1. 180

0. 238

Group1: Degree Scaled: Anthropomorphic1ª

0. 952

0. 081

-0. 604

0. 546

Group1: Degree Scaled: Anthropomorphic2ᵇ

1. 118

0. 086

1. 302

0. 193

Note: ª refers to the cartoon condition relative to the mean of all of the conditions; ᵇ refers to the geometric condition
relative to the overall mean.
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Figure 2. Impact of angular disparity on accuracy in VPT2

There was a significant effect of angular disparity (Est. = 75. 65, SE = 9. 43, p < 0. 001)
on reaction time with longer reaction times observed with increasing angular disparity. The
bottom graphs on Figure 2 show a visualization of reaction time, stimuli, and group. The increase
in reaction as angular disparity increased indicates the use of a disembodied strategy to complete
the task. This could include use of the mental self-rotation or mental-object rotation strategies.
There was a marginal cartoon anthropomorphic condition x angular disparity interaction effect
(Est. = -17. 42, SE = 9. 76, p =. 074) and a significant group x geometric anthropomorphic
condition x angular disparity three-way interaction (Est. = 21. 54, SE = 9. 83, p < 0. 05).
As angular disparity increased, the cartoon condition differed from the overall mean
reaction time of the anthropomorphic condition. In general, reaction time for the cartoon
condition did not increase as much as the reaction times for the other anthropomorphic
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conditions as angular disparity increased. The ASD group differed from the TD group in their
reaction time to the geometric condition as angular disparity increased. Overall, the ASD group
showed a more pronounced increase in reaction time for the geometric depicted observer
compared to the mean of all anthropomorphic conditions as the angular disparity increased.
Table 4 shows results of the reaction time analysis on the VPT2 task. Figure 3 shows the impact
of angular disparity on reaction time for the ASD and TD groups.
Table 4
VPT2 reaction time analysis
Term

Estimate

Std. Error

df

t value PR(>|t|)

Intercept

11407.

48. 983

30. 160

22.

467

0. 000

609

Group1

36. 493

48. 983

30. 160

0. 745

. 462

Anthropomorphic1ª

20. 835

22. 334

1509.

0. 933

0. 351

1. 070

0. 285

965
Anthropomorphic2

23. 868

22. 312

1673.
679

DegreeScaled

75. 645

9. 431

28. 897

8. 020

0. 000

Group1: Anthropomorphic1ª

-5. 303

22. 334

1509.

-0.

0. 812

965

237

1673.

1. 070

0. 110

0. 031

0. 975

Group1: Anthropomorphic2ᵇ

-35. 716

22. 312

679
Group1: DegreeScaled

0. 297

9. 431
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Anthropomorphic1ª: DegreeScaled

Anthropomorphic2ᵇ: DegreeScaled

Group1: Anthropomorphic1ª:
DegreeScaled

Group1: Anthropomorphic2ᵇ:
DegreeScaled

-17. 419

-3. 887

9. 760

9. 827

-5. 833

9. 760

21. 535

9. 827

2425.

-1.

779

785

2425.

-0.

032

396

2425.

-0.

779

598

2425.

2. 191

0. 074

0. 692

0. 550

0. 029

032
Note: ª refers to the cartoon condition relative to the mean of all of the conditions; ᵇ refers to the geometric condition
relative to the overall mean.

Figure 3. Impact of angular disparity on reaction time in visual perspective taking
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Fixation data.
Areas of interest (AOIs) included the depicted observer’s head, body, and number and
fixation proportions were calculated. The fixation proportion refers to the proportion of trial
duration or the proportion of time spent fixating an object during a given trial. On average, all
participants were fixating the number for 38% of the trial duration, the body of the avatar for
about 5% of the trial duration, and the head of the avatar for about 2% of the trial duration.
The gazedata files did not have enough information to identify unique trials, so there was
no way to merge the behavioral data of interest (i. e. , accuracy and reaction time) with the
fixation data. However, the gazedata and behavioral data both had information about the
condition. There were 48 conditions that were repeated twice for each participant for a total of 96
trials. In place of trial data, we took the average accuracy and reaction time across condition,
which effectively collapses the information across the two trials. Data were removed when the
participant answered each trial of a condition incorrectly.
Figure 4 is a plot of the fixation proportion for each group, object type, and
anthropomorphic type for inaccurate conditions (0) (where the participant was inaccurate on both
condition trials), partially accurate conditions (0. 5) (where the participant got at least one trial
correct), and accurate trials (1) (where the participant was accurate on both condition trials). Data
from conditions where participants answered at least one of the condition trials correctly were
retained in the fixation analyses. There were two separate analyses. One was completed for the
number area of interest and a separate analysis was conducted for the observer’s head and body.
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Figure 4. Fixation proportion for each group, object type, and anthropomorphic type

Note. 0 = both trials of same condition were inaccurate; . 5 = one trial of the same condition was accurate and one
was inaccurate; 1 = both trials of the same condition were accurate. num_AOI = fixation to the number; head_AOI
= fixation to the head; body_AOI = fixation to body; ASD = participants with autism spectrum disorder; TD =
neurotypical participants

Analysis 1: Fixation to the number.
There was a significant main effect of group (Est. = -0. 09, SE = . 037, p < 0. 05) and a
marginal effect of angular disparity (Est. = -0. 01, SE = . 007, p = . 059). In addition, the angular
disparity x cartoon anthropomorphic condition (Est. = -0. 02, SE = . 005, p < 0. 01) and angular
disparity x geometric anthropomorphic condition (Est. = 0. 02, SE = . 005, p < 0. 001)
interactions were significant (Table 5). The ASD group had a lower fixation proportion to the
number across all conditions, and, in general, fixation proportion decreased as angular disparity
increased. Compared to the average fixation proportions to the number for all avatars,
participants fixated to the number more when the avatar was geometric and fixated to the number
less when the avatar was a cartoon. This pattern of fixation in response to the geometric and
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cartoon avatars was approximately the same for both the ASD and TD groups. Figure 5 shows
fixations to the number across anthropomorphic conditions for both groups.
Table 5.
Fixation analysis to the number
Intercept
Group1
Anthropomorphic1
Anthropomorphic2
DegreeScaled
Group1: Anthropomorphic1ª
Group1: Anthropomorphic2ᵇ
Group1: DegreeScaled
Anthropomorphic1:
DegreeScaled
Anthropomorphic2:
DegreeScaled
Group1: Anthropomorphic1:
DegreeScaled
Group1: Anthropomorphic2:
DegreeScaled

Estimate
0. 398
-0. 089
-0. 014
0. 012
-0. 006
-0. 003
-0. 012
0. 010
-0. 018

Std. Error
0. 037
0. 037
0. 007
0. 013
0. 015
0. 007
0. 013
0. 015
0. 005

df
30. 133
30. 133
29. 860
375. 162
107. 660
29. 860
375. 162
107. 660
1270. 197

t value
10. 895
-2. 423
-1. 962
0. 929
-0. 407
-0. 479
-0. 922
0. 693
-3. 339

Pr(>|t|)
0. 000
0. 022
0. 059
0. 353
0. 685
0. 635
0. 357
0. 490
0. 001

0. 024

0. 005

1277. 179

4. 596

0. 000

0. 006

0. 005

1270. 197

1. 214

0. 225

-0. 003

0. 005

1277. 179

-0. 558

0. 577

Note. ª refers to the cartoon condition relative to the mean of all of the conditions. ᵇ refers to the geometric condition
relative to the overall mean.

Figure 5. Fixation proportion to the number across anthropomorphic conditions

Note. num_AOI = fixation to the number
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Analysis 2: Fixations to the observer’s head and body AOIs.
After running a model with only the main effects specified (i. e. , group, angular
disparity, anthropomorphic condition, and object), interaction terms were added starting with
two-way and then three-way interactions until the full model with the four-way interaction was
specified. Improvement in the model fit was assessed via model comparisons (Table 6). This
table also lists the interaction terms in the order they were added to the model.
Table 6
A comparison of fixation analysis models
Term

Df

AIC

BIC

logLik

Chisq

m. log_a Main
Effects
m. log_b Degree:
Anthro
m. log_c Degree:
Object
m. log_d Anthro:
Object
m. log_e Group:
Anthro
m. log_f Group:
Degree
m. log_g
Group:Object
m. log_h Degree:
Anthro: Object
m. log_i Group:
Anthro: Object
m. log_j Group:
Degree: Object
m. log_k Group:
Degree: Anthro
m. log_l Group:
Degree: Anthro:
Object

6

3054.
779
3055.
773
2789. 045

3149. 254

-1511. 390

3162. 058

8
9
1
3
4
5
7
9
0
2
4

NA

Chi
Df
NA

p.
value
NA

-1509. 886

3. 006

2

0. 222

2901. 234

-1375. 522

268. 728

1

0. 000

2788.
787
2791.
440
2792.
731
2793.
412
2787.
548
2789. 092

2912. 786

-1373. 394

4. 258

2

0. 119

2927. 249

-1372. 720

1. 347

2

0. 510

2934. 444

-1372. 365

0. 710

1

0. 400

2941. 030

-1371. 706

1. 319

1

0. 251

2946. 975

-1366. 774

9. 864

2

0. 007

2960. 328

-1365. 546

2. 456

2787.
775
2790. 407

2964. 916

-1363. 887

3. 317

1

0. 069

2979. 357

-1363. 203

1. 368

2

0. 505

2793.
007

2993. 767

-1362. 503

1. 400

2

0. 497

p. stars

***

**

0. 293

Note. m. log_e Group:Anthro = two-way interaction between the two groups and anthropomorphic features of the observers;
m. log_f Group:Degree = two- way interaction between the two groups and degree of angular disparity; m. log_g Group:Object=
two way interaction between two groups and fixation to the object; Degree:Anthro:Object= three-way interaction between
degree of angular disparity, anthropomorphic features of depicted observers, and fixations to the object; m. log_i
Group:Anthro:Object= three-way interaction between group, anthropomorphic features of the depicted observers, and fixations
to the object; m. log_j Group:Degree:Object= three-way interaction between the two groups, degree of angular disparity, and
fixations to the object; m. log_k Group:Degree:Anthro= three-way interaction between the two groups, degree of angular
disparity, and anthropomorphic features of the depicted observers; Group:Degree:Anthro:Object= four-way interaction between
the two groups, degree of angular disparity, anthropomorphic features of the depicted observers, and fixations to the object
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Model fit improved significantly when the angular disparity x head object interaction was added
to the model (χ2(1) = 268. 73, p < 0. 001). In general, fixations to the avatar head decreased, but
fixations to the body increased as angular disparity increased for both groups (Figure 6).
Figure 6: Impact of angular disparity on fixations to the avatar’s head and body with groups
collapsed

Model fit also improved significantly when the angular disparity x anthropomorphic
condition x object interaction was added to the model (χ2(2) = 9. 86, p < 0. 01). Overall, as
angular disparity increased, fixations to the head of the cartoon avatar did not decrease as rapidly
relative to the average fixations to both AOIs across avatars for both groups.
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Figure 7. Impact of angular disparity to fixations to the depicted observer’s head and body across
anthropomorphic conditions with groups collapsed

Note. head_AOI = fixation to the depicted observer’s head. body_AOI = fixations to the depicted observer’s body.

There was a marginal improvement in model fit when the group x angular disparity x
object interaction was added to the model (χ2(1) = 3. 32, p = 0. 069). No other three or four-way
interactions improved the model fit. The estimates for the best fitting model are shown in Table
7.
Within the best fitting model, there were significant effects of angular disparity (Est. = 0.
57, SE = . 068, p < 0. 001) and object (Est. = 1. 65, SE = . 087, p < 0. 001) as well as significant
angular disparity x object (Est. = 0. 47, SE = . 052, p < 0. 001) and angular disparity x cartoon
anthropomorphic condition x object (Est. = 1. 24, SE = . 068, p < 0. 01) interactions. In general,
fixations decreased as angular disparity increased, there were fewer fixations to the head
compared to the body of the avatar both overall and as angular disparity increased, and fixations
to the head of the cartoon avatar did not decrease as rapidly relative to the average fixations to
either head or body across avatars (Figure 8).
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Table 7
Fixation analysis for the best fitting model with groups collapsed
Term
estimate
std. error
Group1
1. 232
0. 166
DegreeScaled
0. 571
0. 068
Anthropomorphic1
0. 814
0. 122
Anthropomorphic2
1. 113
0. 124
object1
1. 650
0. 087
DegreeScaled: Anthropomorphic1
1. 046
0. 067
DegreeScaled: Anthropomorphic2
0. 878
0. 073
DegreeScaled: object1
0. 472
0. 052
Anthropomorphic1: object1
0. 823
0. 120
Anthropomorphic2: object1
1. 200
0. 123
Group1: Anthropomorphic1
0. 939
0. 073
Group1: Anthropomorphic2
0. 996
0. 076
Group1: DegreeScaled
1. 125
0. 068
Group1: object1
0. 940
0. 086
DegreeScaled: Anthropomorphic1:
1. 238
0. 068
object1
DegreeScaled: Anthropomorphic2:
0. 901
0. 073
object1
Group1: Anthropomorphic1: object1 0. 993
0. 071
Group1: Anthropomorphic2: object1 1. 110
0. 072
Group1: DegreeScaled: object1
1. 097
0. 051

statistic
1. 261
-8. 233
-1. 695
0. 863
5. 778
0. 670
-1. 776
-14. 401
-1. 624
1. 489
-0. 857
-0. 049
1. 735
-0. 716
3. 155

p. value
0. 207
0. 000
0. 090
0. 388
0. 000
0. 503
0. 076
0. 000
0. 104
0. 136
0. 391
0. 961
0. 083
0. 474
0. 002

-1. 422

0. 155

-0. 093
1. 438
1. 809

0. 926
0. 151
0. 071

Note. Anthropomorphic 1 = the cartoon condition relative to the mean of all of the conditions. Anthromorophic2 =
the geometric condition relative to the overall mean.

Figure 8. Fixations to the observer’s head and body across angular disparities and
anthropomorphic condition.
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Individual differences.
Individual differences were examined using hierarchical linear modeling of the
participants’ performance on the VPT2 task reaction time and accuracy as predicted by language
abilities (Core language score (CLS) on CELF-5) and non-verbal intelligence (TONI scores).
Figure 9 shows a plot of the individual differences between the core standard scores on the
CELF-5, diagnosis group (ASD vs. TD) and reaction time on the VPT2 task. There were no
significant interactions in reaction time or accuracy on the VPT2 task and core CELF-5 scores
(See Table 8 for details). Although there was some variability in language scores for the ASD
group with standard scores ranging from 72- 117, there were only three participants with
standard scores below 85, resulting in an average of 102. 7 with a standard deviation of 15. 9.
Therefore, this sample of individuals with ASD does not represent the wide linguistic variability
of this population.
Figure 9. Individual differences of the interaction between language scores and reaction time on
VPT2 task.

Note: CLS is the Core Language Score on the Clinical Evaluation of Language Fundamentals- Fifth Edition (Semel
& Secord, 2013)
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Table 8.
Individual differences in accuracy on the VPT2 task as predicted by CELF-5 Core Language
standard scores
Term

Estimate Std. error Statistic p. value p. stars

CELF Core Language Score 1. 019

Estimate
(Intercept)
CELF Core
Language
Score

0. 016

Std. Error

1444. 953576 368. 251331
-1. 787076
3. 356724

1. 132

0. 258

t. value

p. normal

3. 9238245
-0. 5323869

0. 0000872
0. 5944581

p. normal.
star
***

Individual differences were examined descriptively between the three participants with
the lowest CELF scores and two participants with the highest CELF scores. The participants with
the lowest CELF scores, had an average accuracy of 81. 25 (SD =. 39) reaction time of 1233. 96
ms (SD=612. 80) whereas the participants with the highest CELF scores had an average accuracy
of 88. 02 (SD =. 33) reaction time of 1063. 16 ms (SD=479. 80). Although there were no
significant differences, the two participants with the higher language scores were more accurate
and faster than the participants with the lowest language scores. Therefore, a larger quantity of
participants with a diverse range of language scores is necessary to provide accurate information
on the impact of language abilities on VPT2.
Individual differences were also examined using hierarchal linear analysis for VPT2
performance as predicted by TONI scores. Overall, there were no significant interactions
between reaction time or accuracy on the VPT2 task and TONI-4 scores. Figure 10 shows a plot
of TONI-4 scores and reaction time on the VPT2 task for participants with ASD and
neurotypical participants. Table 9 shows the interaction between TONI-4 scores and accuracy on
the VPT2 task. The TONI-4 scores did not predict reaction time on the VPT2 task, which may be
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due the limited range of TONI-4 scores in the participants with ASD; they all had scores of 94 or
higher. Like the language scores, the participants with ASD were not representative of the total
population of individuals with ASD, who have a wide range of scores on intelligence measures.
It is possible that non-verbal intelligence and language abilities would predict reaction time or
accuracy given participants with a larger range of scores.
Figure 10. Plot of individual differences between RT on the VPT2 task and TONI standard
scores

Note: TONI refers to the Test of Nonverbal Intelligence-4 ref

Table 9
Individual differences between accuracy on the VPT2 and TONI standard scores
Term
Estimate
Std. Error
Statistic
p. value
TONI

1. 163

Estimate

0. 096

Std. Error

1. 572

t. value

p. stars

0. 116

p. normal

p. normal.
star

(Intercept)

179. 322336

561. 43675

2. 1005435

0. 0356811

TONI

2. 585595

20. 21695

0. 1278925

0. 8982341

Note: TONI refers to the Test of Nonverbal Intelligence-4 (Brown, Sherbenou & Johnsen, 2010)
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Individual differences were examined descriptively between the participants with the
lowest and highest CELF and TONI scores. The three participants with the lowest CELF scores,
had an average accuracy of 81. 25 (SD =. 39) reaction time of 1233. 96 ms (SD=612. 80)
whereas the participants with the highest CELF scores had an average accuracy of 88. 02 (SD =.
33) reaction time of 1063. 16 ms (SD=479. 80). Although there were no significant differences,
the two participants with the higher language scores were more accurate and faster than the
participants with the lowest language scores. Therefore, a larger quantity of participants with a
diverse range of language scores is necessary to provide accurate information on the impact of
language abilities on VPT2.
Although there were no group differences in TONI scores and there were no significant
results in individuals’ differences in TONI scores, there was some variability in TONI scores
within the ASD group. Low TONI scores in the ASD group included standard scores of 94 and
95 whereas high scores included standard scores of 613 and 617. When examining differences in
accuracy and reaction time for these participants. The two participants with the lower TONI
scores had an average accuracy of 84. 62% (SD= . 36) and an average reaction time of 1177. 69
ms (SD= 531. 70 ms). The two participants with the highest TONI scores had an average
accuracy of 79. 7% and rection time of 1640. 35 ms (SD= 617. 45). Based on the average scores
of these few participants, the two participants with the higher TONI scores were less accurate
and slower than the participants with the lower TONI scores. Although this differs than what is
expected, it is only based on four participants and results are descriptive. It does show that
further analysis of VPT2 is needed with participants with a more diverse range of TONI scores.
It should be noted that one of the participants with the lowest CELF score (Standard Score of 81)
had one of the highest TONI scores (Standard Score of 120). This participant with the two
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different extremes of scores demonstrates the variability in linguistic and non-verbal intelligence
profiles for individuals with ASD.
Discussion
Overall, participants with ASD were less accurate than the neurotypical participants in
the VPT2 task; consistent with previous studies of children (Hamilton et al., 2009; Russo et al. ,
2018), but not with the David et al. (2010) study of adults. In this study, children were used, but
they were in the age range of 8-12 years old. Although, there are various findings about age of
mastery of VPT2 (Piaget & Inhelder, 1967; Borke, 1975), neurotypical children should develop
VPT2 skills within this age range. However, it is possible that there are differences in the
development of VPT2 abilities in individuals with ASD and these skills are proficient in later
adolescence or adulthood.
The results of this task are able to answer several of the research questions in this
dissertation. One question was about the influence of non-verbal intelligence on VPT2 abilities.
It was hypothesized that the participants with ASD would perform better on the VPT2 task given
higher non-verbal intelligence Standard Scores. In this study, there were no group differences in
non-verbal intelligence and multi-level modeling revealed that there was no relationship between
non-verbal IQ and VPT2 abilities. This was a difference between this study and David et al. ’s
(2010) study of individuals with lower nonverbal intelligence abilities was the influence of
nonverbal intelligence. In the present study, nonverbal IQ did not predict VPT2 performance
whereas in David et al. it did predict performance. It is possible that nonverbal intelligence at
lower levels or wider ranges than in the present study influences VPT2 performance. But at these
higher levels of non-verbal intelligence, it plays no role in group differences.
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Additionally, another research question was about the influence of language abilities on
VPT2 abilities. It was hypothesized that participants with ASD with higher Core Language
Standard Scores on the CELF-5 would perform better on the VPT2 task. Multileveling modeling
revealed no relationship between Core Language Scores on the CELF-5 and VPT2 performance.
The participants with ASD had a range of language abilities with standard scores ranging from
72 to 131 and when given a two tailed T-test, there were group differences in language abilities
given a 95% confidence interval. However, the majority of the participants scored within the
average range. ASD is a spectrum that includes individuals with more severe language deficits
than were examined in this study. Therefore, language abilities in the wider range may impact
VPT2 abilities.
Another research question included examining the strategies that the participants used to
complete the task. Strategy use can be identified by combining reaction time and fixation data. It
was hypothesized that the neurotypical participants would use disembodied strategies whereas
the participants with ASD would use visuospatial cues to compete the task. Although there were
group differences in accuracy, there were no group differences in reaction time with all
participants increasing their reaction times as angular disparity increased. Both groups of
participants were less accurate as angular disparity increased. This is consistent with the use of
disembodied strategies where a participant puts himself in the place of the object or observer to
make a decision about the observer’s perspective. It was expected that the neurotypical
participants would use a disembodied strategy but this contradicts the hypothesis for participants
with ASD. There are two disembodied strategies that participants could use which include the
mental self-rotation and mental object-rotation strategies. Participants with ASD fixated to the
depicted observer more than the neurotypical participants who had more fixations to the number.
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These differences in fixations may show differences in strategy use. Since the neurotypical
participants fixated to the number more, they most likely used the mental object-rotation strategy
where they rotated the number around themselves to make decisions. However, the participants
with ASD were likely to have used the mental self-rotation strategy where they rotated
themselves into the position of the depicted observer. Since the participants with ASD were less
successful at completing this task, it shows that they were not as proficient with using this
strategy as the neurotypical participants were with the mental object-rotation strategy. It may
also show that even though they attempted to take the perspective of the depicted observer, they
had difficulties suppressing their own interfering egocentric perspective which resulted in
reduced accuracy. The ability to suppress your own viewpoint to take another’s perspective is
essential when using disembodied strategies (Samson, Apperly, Kathirgamanathan, &
Humphreys, 2005; Surtees & Apperly, 2012).
Another research question included examining the influence of the anthropomorphic
differences in the stimuli. It was hypothesized that neurotypical participants would have a faster
reaction time or show no differences in reaction time given observers with different
anthropomorphic features whereas the participants with ASD would show differences in results
given the depicted observer with the fewest range of anthropomorphic features (i. e. , geometric
depicted observer). Participants with ASD had longer reaction times than the neurotypical
controls only for the geometric depicted observer but this did not impact accuracy. This partially
supports the hypothesis that there would be differences in accuracy and reaction time for the
depicted observer with the fewest anthropomorphic features. It was hypothesized that individuals
with ASD would show differences in reaction time and fixations given the geometric depicted
observer whereas the neurotypical participants would either have a faster reaction time given the
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depicted observer with the most anthropomorphic features or would not be influenced by the
anthropomorphic features of the stimuli. The fixation data attained in this study revealed that the
participants with ASD has less fixations to the geometric depicted observer than the other
depicted observers which is contrary to previous studies that found that individuals with ASD
fixate more on geometric objects (Pierce et al. , 2011; Pierce et al. , 2016; Moore et al. , 2018). In
fact, all of the participants fixated more to the number and less to the depicted observer when
given the geometric observer. There are two possibilities for this finding. Since the geometric
observer had fewer anthropomorphic features, individuals with ASD might have been able to
understand its perspective quicker resulting in fewer fixations. Another possibility is that the
participants with ASD switched strategies for this condition. This is contrary to the hypothesis
that individuals with ASD would not switch strategies when completing this task whereas the
neurotypical participants would switch strategies. The neurotypical participants used the mental
object-rotation strategy when completing all conditions of the task whereas it is possible that
they used a mental object-rotation strategy in the geometric observer condition but used the
mental self-rotation strategy for the other conditions. This potential switching of strategies might
have resulted in a slower reaction time because they were less proficient with using the mental
object-rotation strategy. Although reaction time was impacted, accuracy was not impacted by the
anthropomorphic features of the depicted observers.
Additionally, it should be noted that all participants fixated more to the depicted
observers’ bodies than head. Previous studies have found that individuals with ASD are less
likely to look at important facial features that give social information (Pelphrey, 2002).
Therefore, the finding that the participants fixated more to the body coincides with previous
literature. However, since both groups fixated to the body more than the head, this may just
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reflect that the depicted observer’s body gave enough information about her location in space
and fixating to the head was not necessary to complete the task.
Additional aspects of the task design may have also influenced the findings. Similar to
Hamilton et al. (2009), this task examined the VPT2 abilities of participants given varying
angular disparities whereas the depicted observer in the David et al. (2010) study examined
images only to his left or right. The increase in variability of angular disparity may have
negatively impacted the accuracy of individuals with ASD. This would be contrary to previous
studies that found that individuals with ASD are able to mentally rotate objects as well or better
than their neurotypical counterparts (Silk et al. , 2006; Liu et al. , 2011; Ring, et al. , 2018;
Rohde, et al. , 2018).
In summary, participants with ASD were less accurate than their neurotypical
counterparts but had similar reaction times. All participants had increased reaction times as
angular disparity increased. The mental rotation abilities of individuals with and without ASD
were then examined to determine their underlying abilities to make decisions given angular
disparities that did not require taking another person’s perspective into account.
Experiment 2: Mental rotation
One possible explanation for the VPT2 findings is a deficit in the mental rotation abilities
of individuals with ASD. This would contradict previous studies (Silk et al. , 2006; Liu et al. ,
2011; Ring, et al. , 2018; Rohde, et al. , 2018), which found such abilities to be intact. The
mental rotation task was administered to confirm these previous findings that mental rotation
abilities are not the cause for reduced accuracy in VPT2 for individuals with ASD.
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Participants
Experiment 2 included the same participants as Experiment 1. See Tables 1 and 2 for
background information.
Procedures
Experiment 2 consisted of a mental rotation task that was a computerized eye tracking
experiment. The participant saw two three-dimensional figures on a screen and decided if the
two images were rotated versions of each other or mirror images. The participant responded by
pressing 1 on the keyboard if the images were rotations of each other or 2 on the keyboard if they
were mirror images of each other. Images were from Shepard & Metzler (1971) with angular
disparities that were the same as the VPT2 task including 0 ͦ, 45 ͦ, 90 ͦ, 135 ͦ, 180 ͦ. The 45 ͦ, 90 ͦ,
and 135 ͦ images were clock-wise and counter-clockwise rotations of the original image. After
each trial, participants saw a cross for 1000 ms in the middle of the screen before the next trial
was initiated. The trial ended when the participant made a decision with a key press or after 4000
ms. Each trial ended at 4000 ms because 4000 ms was the longest amount of time for the piloted
participants to complete each trial. This task was piloted on four neurotypical college-educated
adults. There were 10 trials for each angle with 5 trials including mirror-images (different
response) and five practice trials. There were 50 total experimental trials randomized in two
blocks of 25. Given 50 trials and a 50% chance of success per trial, the binomial probability that
the participant guessed 50% of the answers accurate was . 112. See Table A2 in Appendix A for
a complete description of the stimuli. Accuracy, reaction time, and eye gaze data were collected.
The participants’ eye movements and fixations were calibrated using Tobii Studio.
Participants were told to follow a ball as it moves across the screen with their eyes only. They
were reminded to not move their heads. After calibration, participants read the instructions on the
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computer monitor and completed five practice trials. They used the laptop’s keyboard to decide
whether the two images were rotations (1) or mirror-images (2). Verbal and visual feedback were
provided during these practice trials. After the practice trials, participants completed the 50
experimental trials. After 25 trials, the participants could choose to take a break.
Statistical plan and visualization data
Behavioral data were collected to identify any discernable patterns within and between
groups in accuracy and reaction time as the degree of mental rotation increased. The reaction
time limit of 4000 milliseconds had a negative impact on overall accuracy, especially as the
degree of mental rotation approached 135 degrees. For these trials, accuracy dipped well below
chance (indicated by the horizontal black line in Figure 11), because these trials were more
challenging and participants may not have had the chance to finish the mental rotation
assessment before the trial timed out. Despite the time constraint, participants may still have
been applying their mental rotation strategy up until the end, so analyses were run first on only
accurate trials and then on all trials regardless of accuracy.
In this experiment, only the data for the rotated trials were examined; mirror image trials
were excluded given that these trials are typically not of interest because mirror-images do not
have a defined angle of rotation (Metzler & Shepard, 1974, as cited in Khooshabeh et al. , 2013).
Accuracy decreased as the degree of mental rotation increased and both groups demonstrated a
similar pattern of results. The reaction time data was noisy given the time restriction. Therefore,
reaction time data were not included in the analysis.
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Figure 11. These figures represent accuracy and reaction time data for the mental rotation task.

Note: The black line located on the figure representing accuracy data indicates the level of chance.

Gaze data.
The number of looks (e. g. , whether the participant was looking at either object for a
single sample) were examined. Additionally, the number of gazes per image per trial, the total
gaze time per image per trial, number of transitions (gaze shifts between images) per trial, and
the transition proportion per trial (i. e. , the proportion of transitions given the overall number of
gazes to either object) were examined and the results are displayed in Figure 12.
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Figure 12. Eye tracking results for each degree of angular disparity.

Projected degree values above 180 were placed within the range from 0-180 degrees (e.
g. , 315 degrees was treated as a 45-degree disparity, 270 as 90, and 225 as 135). Figure 13
displays the eye gaze data within the 0 to 180-degree range. These are the data used in the
subsequent analyses.
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Figure 13. Eye tracking results when degrees above 180 are projected into the 0-180 degree of
angular disparity range

Data analysis.
Given the time restriction on the trials, the reaction time data were not as useful as the
accuracy data because there were many trials on which the participant timed out before
responding. Participant accuracy was assessed with a multilevel logistic regression with fixed
effects of group, degree, and transition proportion and a random by-Subject intercept and slope
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of degree. Transition proportions were included to examine whether the adoption of a particular
strategy impacted overall accuracy.
A Poisson model was used to model the number of transitions with fixed effects of group
and degree and the same random effect structure as the previous model. There was a strong
positive correlation between total gaze time and the number of transitions (r = . 75), so total gaze
time was not included in this model.
Finally, a linear model was created to predict transition proportion with fixed effects of
group and degree and a random effect of subject (simplified random effects structure due to
model convergence issues). Given that participant accuracy was impacted by the time constraint,
the eye gaze analyses were run on only accurate trials and then on all trials regardless of
accuracy.
Results
Behavioral data.
There was a significant effect of mental rotation degree (Est. = 0. 58, SE = 0. 202, p < 0.
01) on overall accuracy. There were no significant effects of group (Est. = 0. 72, SE = 0. 827, p =
. 684), group by degree (Est. = 1. 00, SE = 0. 291, p = . 991), group by gaze transition proportion
(Est. = 15. 34, SE = 2. 592, p = . 292), or degree by gaze transition proportion (Est. = 0. 72, SE =
0. 622, p = . 593) on accuracy (Table 10). Accuracy decreased as the degree of angular disparity
between the objects increased. See Figure 14 for a visualization of the accuracy results.
Table 10
Accuracy analysis for mental rotation task
Term
GroupTD
DegreeScaled
Transition_prop

Estimate Std.
Error
0. 715
0. 827
0. 584
0. 202
4. 165
1. 725
53

Statistic p.
value
-0. 407 0. 684
-2. 656 0. 008
0. 827
0. 408

p.
stars
**
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Term

Estimate Std.
Error
0. 997
0. 291
15. 338 2. 592
0. 718
0. 622
0. 500
0. 918

GroupTD: DegreeScaled
GroupTD: Transition_proportion
DegreeScaled: Transition_proportion
GroupTD: DegreeScaled:
transition_proportion

Statistic p.
value
-0. 011 0. 991
1. 053
0. 292
-0. 534 0. 593
-0. 755 0. 450

p.
stars

Figure 14. Accuracy results for mental rotation task

Gaze data.
There were no significant effects of group (Est. = 0. 97, SE = 0. 450, p = . 953) or degree
(Est. = 0. 98, SE = 0. 042, p = . 582) on the number of gaze transitions, and the group by degree
interaction was not significant (Est. = 1. 09, SE = 0. 057, p = . 127) (Table 11). Including all
trials did not change the overall pattern of results (Table 12). Figure 15 shows number of gaze
transitions per angle for accurate trials and all trials.
Table 11
Gaze transition analysis for accurate trials
Term
Estimate Std. Error Statistic p. value p. stars
GroupTD

0. 974

0. 450

-0. 059

0. 953

DegreeScaled

0. 977

0. 042

-0. 551

0. 582

54

VISUAL PERSPECTIVE TAKING IN ASD

Term

Estimate Std. Error Statistic p. value p. stars

GroupTD: DegreeScaled 1. 090

0. 057

1. 525

0. 127

Table 12
Gaze transition analysis for all trials
Term
Estimate Std. Error Statistic p. value p. stars
GroupTD

0. 997

0. 472

-0. 006

0. 995

DegreeScaled

1. 028

0. 033

0. 857

0. 391

GroupTD: DegreeScaled 1. 020

0. 045

0. 437

0. 662

Figure 15. Number of eye gaze transitions per angle

There were no significant group effects (Est. = 0. 03, SE = 0. 050, p = . 602) or degree
(Est. = -0. 00, SE = 0. 007, p = . 828) on the gaze transition proportions and group by degree
interaction was not significant (Est. = 0. 01 SE = 0. 011, p = . 482) (see Table 13). Including all
trials did not change the overall pattern of results (see Table 14). Figure 16 shows gaze transition
for accurate and all trials.
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Table 13
Gaze transition proportion analysis for accurate trials
Term
Estimate Std. Error
Statistic
GroupTD
0. 026
0. 050
0. 521
DegreeScaled
-0. 002 0. 007
-0. 217
GroupTD: DegreeScaled 0. 007
0. 011
0. 702
Table 14
Gaze transition proportion analysis for all trials
Term
Estimate Std. Error
GroupTD
0. 027
0. 051
DegreeScaled
0. 006
0. 006
GroupTD: DegreeScaled -0. 001 0. 009

Statistic
0. 542
1. 052
-0. 077

p. value p. stars
0. 602
0. 828
0. 482

p. value p. stars
0. 588
0. 293
0. 939

Figure 16. Eye gaze transition proportion per angle for accurate and all trials.

In summary, accuracy and fixation transitions were examined in the participants with
ASD and the neurotypical participants. The results revealed no group differences between the
two groups of participants. Therefore, based on the results of this task, participants with ASD are
able to complete mental rotation tasks of three-dimensional stimuli similar to their neurotypical
counterparts.
Discussion
This experiment was able to address the research questions about the impact of varying
degrees of angular disparity on individuals with ASD and strategy use when completing this
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task. It was hypothesized that there would be no group differences in accuracy in this task or
individuals with ASD would be more accurate. In this task, there were no group differences in
accuracy between neurotypical individuals and individuals with ASD. These findings are in line
with previous studies of mental rotation for three-dimensional stimuli (Ring et al. , 2018; Rohde
et al. , 2018) and differ from those reported by Soulières et al. (2011), where participants with
ASD were more accurate than their neurotypical counterparts. It was hypothesized that
individuals with ASD and their neurotypical counterparts would use different strategies when
completing mental rotation tasks. This included the neurotypical participants using either the
piecemeal or holistic strategy and the participants with ASD using the viewpoint independent
strategy. This hypothesis was partially supported by this finding. There were no group
differences in eye gaze transitions. The similarities in eye gaze transitions between groups
suggests that individuals with ASD and their neurotypical counterparts used the same strategy.
These eye gaze results indicated that both groups transitioned between images in a similar
manner indicative of a piecemeal or a holistic strategy. Since there were many transitions
between images, both groups of participants most likely used the piecemeal strategy. The
multiple eye gaze transitions rule out a viewpoint independent strategy. In addition, participants
were less accurate as the angular disparity increased and with use of the viewpoint independent
strategy, participants perform similarly across angular disparities (Just and Carpenter, 1985),
confirming that the participants did not use a viewpoint independent strategy.
The 4000 ms to complete each trial could have had a negative impact on accuracy.
Although participants should have been able to gather the gist of a complex scene in as little as
50 milliseconds (Castelhano & Henderson, 2008; Võ & Henderson, 2010), they required more
time to process visual information (Võ & Henderson, 2010). For the adults piloted, 4000 ms was
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sufficient to complete this task, but that apparently was not the case for the children in this study.
The children may have had sufficient time to determine the gist of the images but they may not
have had sufficient time to fully process the images, especially as the angular disparity increased.
Strategy use may have required additional time. For example, the use of a piecemeal approach
increases reaction time because it requires a comparison of the images by sequentially looking
back and forth. The limited time for a response may have affected the precision of the reaction
time data. The participants’ transitions between images were similar across groups and the lack
of differences in quantity of transitions based on angular disparity indicated that the groups used
similar strategies. Therefore, the 4000 ms response interval negatively impacted the ability to
gather strategy use data.
In addition, the limitation of 4000 ms decreased the reliability of using reaction time as a
variable in examining performance which could give more substantial information about strategy
use and switching. It was hypothesized that the neurotypical participants would switch form a
less efficient to more efficient strategy as they completed the task whereas individuals with ASD
would not switch strategies. The eye gaze transitions results show that participants increased the
amount of eye gaze transitions between images as the degree of angular disparity increased but
this increase in transitions was not significant. This may indicate there was no switching of
strategies between both groups which partially supports the hypothesis.
Experiment 3: Language Task
Experiments 1 and 2 examined how children with and without ASD performed in a visual
perspective taking task and mental rotation task. Experiment 3 was designed to examine how
children with and without ASD verbally direct others in a VPT2 task.
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Participants
There was a change in participants with ASD for this task but the group of neurotypical
participants was the same from Experiments 1 and 2. The group of participants with ASD
included 17 children between the ages of 8. 3 years to 12. 11 years (M=11. 5, SD= 1. 4) with
ASD. All participants were reported with a diagnosis of ASD by their parents and the diagnosis
was confirmed by the administration of the ADOS-2 by the experimenter. Two participants were
excluded from this study. One participant asked to stop because of fatigue and there were
technical difficulties with a second participant who is labeled as 24 on the VPT2 and mental
rotation tasks. Participant 31 who was not able to participate in the VPT2 and the mental rotation
eye tracking tasks due to a visual deficit participated in this task. This left a total of 15
participants. Table 15 includes background information and test scores for the participants with
ASD.
Table 15
Demographic information for the participants with ASD
CELFAge
DX
Gender CLS
TONI
16
12. 1
ASD
M
117
110
17
12. 1
ASD
M
116
107
18
12. 9
ASD
M
108
118
19
9. 3
ASD
M
110
102
20
10. 11
ASD
M
102
107
21
12. 9
ASD
M
90
109
22
11. 11
ASD
M
72
94
23
12. 7
ASD
M
110
111
25
12
ASD
M
111
102
26
8. 3
ASD
M
111
130
27
12. 3
ASD
M
72
99
28
10. 6
ASD
M
81
120
29
12. 11
ASD
F
114
110
30
11. 4
ASD
M
116
95
31
12. 3
ASD
M
131
112
M
11. 5
104. 1
108. 4
59

MFVPT
99
96
112
88
125
91
109
94
100
120
90
93
96
105
110
101. 9

ADOS
8
16
13
13
15
12
16
20
14
7
15
14
15
15
17
14
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SD

Age
1. 4

DX

Gender

CELFCLS
17. 4

TONI
9. 6

MFVPT ADOS
11. 2
3. 3

Stimuli and Procedure
This was a computerized task and a modified version of the visual spatial task created by
Schober (2009). The participant sat in front of a computer monitor and saw an image of an object
that had a distinct front, back, and sides. The image included circles above it, below it, to its
right, and to its left. There were 9 circles surrounding the image. One circle contained an X in its
center. See Appendix A3 for a full list of stimuli with images. The examiner also saw the image
with the nine circles around it, but on a piece of paper and without an X in the center of a circle.
The participant’s image rotated whereas the examiner’s image did not. Angular disparity
between the participant’s and examiner’s viewpoints included 0 ͦ, 90 ͦ, 180 ͦ, and 270 ͦ. There were
ten images in 14 trials for an angular disparity of 0 ͦ, 12 trials for an angular disparity of 90 ͦ, 12
trials for an angular disparity of 270 ͦ, and 12 trials for an angular disparity of 180 ͦ, resulting in a
total of 50 trials. The participant was able to see the examiner’s paper image, but the examiner
was not be able to see the participant’s computer monitor. The participant and examiner sat at a
90-degree angle from one another (see Figure 17).
Figure 17. A participant completing the language task

Note. The examiner is sitting approximately 90 degrees from the participant. The participant observes the image on a
computer while the examiner has a paper copy of the image.
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The participant gave the examiner verbal directions about the location of the X. Verbal
directions were coded for allocentric language use, egocentric language use, and object-focused
language use. Allocentric language use required that the participant took into account the
examiner’s viewpoint of her image. For example, a participant stated, “Put your X on the right
middle” with an image that had a 90-degree angular disparity between his image and the
examiners. Therefore, the participant’s X was located on the bottom middle circle of his page but
to match the location from the object, the examiner’s X had to be placed on the right middle
circle. If this participant used egocentric language, he would have told the examiner to put the X
on the bottom of the page because his X was on the bottom of the page. Participants who used
egocentric language, gave the examiner instructions based on the location of the X on their own
image. If the participant used object-centered language, he discussed the viewpoint of the image.
For example, a participant said, “By its nose” when telling the examiner to place her X in the
circle in front of a line drawing of a dog. If the participant’s response could not be categorized,
language use was not coded. In addition, if the participant did not respond, this was considered
inaccurate and language use type was not coded. The examiner asked the participant for
clarification one time per trial for all of the trials by asking questions such as, “Is that right?” or
“Here?” with a rising intonation. The participant’s response after the request for clarification was
coded if the client changed language use type. All of the responses were recorded in E-prime and
they were transcribed by the examiner and coded by two raters. Inter-rater reliability was
calculated.
Results
Thirty-four percent of the data were coded by two raters, and the inter-rater reliability for
participant accuracy was 85. 91%. The response accuracy and the language use type were coded.

61

VISUAL PERSPECTIVE TAKING IN ASD

Language use types included allocentric language, egocentric language, and object-centered
language. Allocentric language use was coded if the participant verbally directed the listener
based on the listener’s perspective of her image. Egocentric language use was coded if the
participant verbally directed the listener based on the participants perspective of his image.
Object-centered language was coded if the participant directed the listener based on the object’s
location in space. In general, participants tended to adopt a language type and use it for the
duration of the trial. This is supported by the relatively low incidence of switches to another
language type. Across all trials, participants switched to a different language type only 38 times
(2. 6% of the total number of trials). No language use information was identified for 285 trials (e.
g. , 19% of the trials) due to a lack of clarity of the use type in those trials. Accuracy was 79%
across all of the trials. Figure 11 shows accuracy data for all degrees of angular disparity.
The overall accuracy and general language use data for the ASD and TD groups was
plotted (see Figures 18 and 19). There was a noticeable dip in accuracy at an angular disparity of
90 degrees for both groups. The use of allocentric language appeared to increase as angular
disparity increased, but this pattern was not as evident for either egocentric language use (which
was infrequently used across all angles) or object centered language. See Figure 19 for a
visualization of language use types in accurate and all trials. Table 16 shows the exact quantity
of language use types used and number of switches from one language use type to a different
language use type. Figure 20 depicts the frequency of language use type switches.
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Figure 18. Accuracy data for each degree of angular disparity for participants

Figure 19. Accuracy and language use

Note. The top figure shows number of language type uses for all trials and the figure below it, shows quantity of
language use types for accurate trials. (Alang= allocentric language; Elang= egocentric language; Olang= objectfocused language).

63

VISUAL PERSPECTIVE TAKING IN ASD

Table 16
Language use and language switch counts
Group

Angular Disparity

NumSwitchª

Elangᵇ

Olangᶜ

Alang ͩ

ASD

0

1

2

41

33

ASD

90

4

7

35

70

ASD

180

12

45

85

ASD

270

4

9

42

82

TD

0

1

1

75

60

TD

90

6

6

52

75

TD

180

3

3

69

88

TD

270

3

1

65

84

11

Note. ªSwitching of language type used in a trial. ᵇEgocentric language use. ᶜObject-language use. ͩ Allocentric
language use.

Figure 20. Frequency of switching language use types within trials.

Note: Switching of language use type is labelled as numSwitch.

Statistical analysis.
Similar to the other tasks, degree values above 180 were projected within the range from
0-180 degrees and these data were used in the subsequent analyses. Participant accuracy was
assessed with multilevel logistic regression with fixed effects of group, degree, and language
type and random by-Subject intercepts and slopes of degree and language type. A Poisson model
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with the same fixed and random effects structures was run predicting the count of each language
type used.
Behavioral data.
There were no significant predictors of overall accuracy (Table 17). However, there were
significant effects of allocentric language (Est. = 3. 45, SE = 0. 292, p < 0. 001) and egocentric
language (Est. = 0. 15, SE = 0. 340, p < 0. 001) on the count of language use. None of the
interactions between group, degree, and language type were significant (Table 18). The overall
use of egocentric language differed significantly from the overall mean use of the other types of
language. Participants rarely used egocentric language across all degrees of angular disparity. In
contrast, the use of allocentric language was significantly more frequent than the other language
types (see Figure 21).
Table 17
Language task accuracy analysis
Term

Estimate

Std. Error

Statistic

p. value

Group1

0. 468

0. 487

-1. 561

0. 119

DegreeScaled

0. 967

0. 097

-0. 340

0. 734

lang_type1ª

0. 999

0. 177

-0. 008

0. 994

lang_type2ᵇ

1. 001

0. 177

0. 007

0. 995

Group1:DegreeScaled

1. 010

0. 097

0. 098

0. 922

Group1:lang_type1 ª

0. 999

0. 168

-0. 003

0. 997

Group1:lang_type2ᵇ

1. 001

0. 168

0. 004

0. 997

DegreeScaled:lang_type1 ª

1. 000

0. 064

0. 006

0. 995

DegreeScaled:lang_type2ᵇ

1. 000

0. 064

-0. 007

0. 994

Group1:DegreeScaled:lang_type1 ª

1. 000

0. 064

0. 004

0. 997

Group1:DegreeScaled:lang_type2ᵇ

1. 000

0. 064

-0. 005

0. 996

Note. ªAllocentric language use. ᵇEgocentric language use.
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Table 18
Poisson model
Term

Estimate

Std. Error

Statistic

p. value

p. stars

Group1

1. 104

0. 152

0. 650

0. 516

DegreeScaled

1. 079

0. 047

1. 607

0. 108

lang_type1ª

3. 512

0. 298

4. 213

0. 000

***

lang_type2ᵇ

0. 147

0. 347

-5. 524

0. 000

***

Group1:DegreeScaled

1. 010

0. 047

0. 219

0. 827

Group1: lang_type1 ª

0. 954

0. 280

-0. 167

0. 867

Group1: lang_type2 ᵇ

1. 315

0. 316

0. 867

0. 386

DegreeScaled: lang_type1 ª

0. 959

0. 059

-0. 706

0. 480

DegreeScaled: lang_type2ᵇ

1. 113

0. 092

1. 160

0. 246

Group1: DegreeScaled: lang_type1 ª

1. 001

0. 050

0. 025

0. 980

Group1: DegreeScaled: lang_type2ᵇ

1. 013

0. 089

0. 147

0. 883

Note. ª Lang_type1 indicates allocentric language ᵇLang_type2 indicates object-centered language.

Figure 21. Language use types for all participants

Note. The top graph shows the count of language use types for all participants. The bottom graphs show count of
language use types of ASD and TD participants. (lang_type= language use type; Alang= allocentric language;
Elang= egocentric language; Olang= object-focused language).
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Results of the visual perspective taking language task reveal that there were no group
differences in how the participants directed a listener on a VPT2 task. Allocentric language was
used the majority of the trials with egocentric language being used the least amount. Allocentric
language increased in frequency as the degree of angular disparity increased between the
participant and listener.
Discussion
In Experiment 3, participants with and without ASD performed similarly. The use of
strategies is partially supported by the hypothesis. Allocentric language was the preferred mode
of directing the examiner for participants with and without ASD. Egocentric language was rarely
used by all participants. These results partially supported the hypothesis that the neurotypical
participants would use either allocentric or object-centered language and that the participants
with ASD would produce object-centered language but not allocentric language. All of the
participants rarely used object-centered language. However, they used allocentric language most
frequently and used egocentric language less frequently. There were no group differences in
language use. There are several possible explanations for these results.
Individuals with ASD may be able to take another’s perspective when directing a listener
in a simple task with simple rules. The stimuli used in this study were simple line drawings with
a clear front and back. Although, the testing took place in different environments with varying
visual distractions (e. g. , home, research lab, community center), the task remained relatively
constrained. Thus, individuals with ASD are able to use language allocentrically in a controlled
task. Difficulties in taking another’s visual perspective may increase when visual interference of
external stimuli increase naturally (e. g. , background scene). Individuals with ASD have
difficulties with interference control (Geurts, van den Bergh, &Ruzzano, 2014; Marton, Kovi, &
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Egri, 2018) and suppressing visual distractors in cognitive tasks (Parsons & Carlew, 2016;
Christ, Kester, Bodner, & Miles, 2011). There are mixed results on how individuals with ASD
perform on interference tasks. Christ et al. (2011) found that they can complete a proactive
interference task with a similar accuracy to neurotypical individuals but are less accurate when
completing a Flanker task which includes visual distractors whereas other studies found that
there is a deficit in proactive interference (Marton, Kovi, & Egri, 2018; Geurts, van den Bergh,
& Ruzzano, 2014). Additionally, individuals with ASD are able to perform the Stroop task which
measures cognitive interference with similar accuracy to neurotypical individuals (Christ et al. ,
2011; Parsons & Carlew, 2016). However, they are less accurate in completing the Stroop task
when given visual and auditory distractors in a virtual reality classroom (Parsons & Carlew,
2016). Although there are mixed results on how individuals with ASD perform on different
interference tasks, there is a good deal of evidence that supports a deficit in interference control
(Geurts et al. , 2014) which might be exasperated when given visual and auditory distractors. It is
possible that the visual simplicity of the line drawings of figures and the simplicity of the
directions aided in the accuracy and allocentric language use strategies employed by the children
with ASD here. This could be a starting point in intervention in order to later strengthen this skill
in more complex environments.
The similar performance between individuals with ASD and neurotypical individuals
may also be due to task design. Participants were able to complete the task without looking at the
examiner. The participant could have been successful looking at the examiner’s paper version of
the stimuli without ever looking at the examiner. Therefore, the individual with ASD was not
required to follow the examiner’s eye gaze, read facial expressions, or even consider the
examiner’s location in space. Individuals with ASD tend to follow eye gaze differently than
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neurotypical individuals (Gillespie-Lynch, Ellias, Escudeo, Hutman, & Johnson, 2013), look at
faces and people less often (Riby & Hancock, 2008), and do not look at the important facial
components involved in understanding a communicative partner (Pelphrey, 2002).
Individuals with ASD have difficulties shifting their attention from non-social to social
images. Their abilities to shift attention improve given images that are non-social and of interest
(Mo et al. , 2019). Some of the images in this task were what individuals with ASD are more
likely to find interesting (e. g. , airplane) based on previous research (Sasson, Elison, TurnerBrown, Dichter, & Bodfish, 2011; Mo et al. , 2019). Therefore, this may have been beneficial
when shifting their attention from their computer screen of a preferred image to the examiner’s
paper version of the same preferred image. Because the participants were not required to take
into account the social features of the examiner, they were able to perform comparably to their
neurotypical peers. Therefore, individuals with ASD may be able to take another’s perspective
when they do not need to read social cues (e. g. , eye gaze, facial expressions, position in space).
If they are only required to take into account the material that the other person has, it eliminates
the consideration of the social cues that reveal deficits with perspective taking.
Future research should include tasks where the participants cannot take another’s
perspective without considering the other person’s facial expression, eye gaze, or least position
in space. The original Schober (2009) task included a participant acting as a director and another
participant as the follower of the directions. Both participants were blind to each other’s versions
of the images. This differed from this task where the examiner was the follower of directions and
the director was able to see the examiner’s image. In the Schober (2009) task, followers of the
directions did not always understand the other participants’ commands. The directors needed to
read facial cues to understand the followers’ comprehension of directions. Failure to do so led to
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poorer performance Therefore, future studies with two participants who are blind each other’s
images, may increase the demand of reading social cues (e. g. , eye gaze and facial expressions).
Despite these considerations, the individuals with ASD in the present study were able to
use language in an allocentric manner contrary to expectations. A simple task that does not
require looking at another’s face could be a starting point for intervention in perspective taking.
Listeners that are visually appealing to individuals with ASD may facilitate performance. This
relates back to the hypothesis that individuals with ASD are influenced by observers with less
anthropomorphic features.
General discussion
Visual perspective taking, mental rotation, and language use in directing others on a
visual perspective taking task were examined in children with and without autism spectrum
disorders (ASD). The results from the three tasks can be used to support and refute the
hypotheses. It was hypothesized that individuals with ASD would be impacted by the geometric
depicted observer in the VPT2 task whereas the neurotypical participants would either perform
better given the depicted observer with the most anthropomorphic features or perform the same
between all of the depicted observers. All of the participants fixated less on the geometric
depicted observer than the other depicted observers but this only impacted reaction time with the
participants with ASD. They were slower given this depicted observer. It should be noted that
the varying features of the observers were derived based on the depicted observers used in
Clements-Stephens et al. (2013). The geometric depicted observer in the VPT2 differed vastly in
its anthropomorphic features than the other depicted observers. It would be beneficial for future
tasks to examine the continuum of anthropomorphicity on depicted observers in VPT2 tasks.
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Children with ASD were less accurate when making a decision about an avatar’s
perspective in a visual perspective taking task (VPT2). There are several reasons why the results
are similar to the findings reported by Hamilton et al. (2009) and Russo et al. (2018) and were
from the adult findings reported by David et al. (2010). The nature of the task design in this
VPT2 experiment and most likely Hamilton et al. (2009) caused the use of disembodied
strategies to be necessary to complete the task accurately. This experiment and Hamilton et al.
(2009) included a larger range of degrees of angular disparity between the depicted observer than
the David et al. (2010) task. This increase in angular disparity caused the participants to have to
take the perspective of the object or depicted observer to complete the task. Unlike the David et
al. (2010) task, they could not make a decision based on using the visuospatial cues alone.
Strategies required to complete VPT2 tasks may include cognitive factors such as
resistance to interference. In the VPT2 task, there were no group differences in reaction time for
the VPT2 task and everyone was slower as the angular disparity increased. This is indicative of
use of disembodied strategies (Kessler & Thompson, 2010; Samson & Apperly, 2013). The use
of a disembodied strategy requires suppression of one’s own viewpoint to take the viewpoint of
another person or object. The use of disembodied strategies with individuals with ASD was
contrary to the hypothesis that individuals with ASD would use visuospatial cues as a strategy to
complete the VPT2 task. Although the participants with ASD demonstrated the use of
disembodied strategies, they were not as accurate as their neurotypical counterparts.
Additionally, the participants with ASD fixated more to the depicted observer than to the
number, whereas the neurotypical participants fixated more to the number. This suggests that the
participants with ASD used a different strategy than the neurotypical participants. Increased
fixations to the depicted observer are indicative of a mental self-rotation strategy where the
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person puts himself into the depicted observer’s place, whereas increased fixations to the number
is indicative of the mental object-rotation strategy. Therefore, the participants with ASD most
likely used the mental self-rotation strategy. Since they were not as accurate as the neurotypical
participants, this suggests that either the mental object-rotation strategy is more effective or that
they were not able to effectively suppress their own interfering, egocentric viewpoints in order to
take the depicted observer’s perspective (Qureshi, Apperly, & Samson, 2010; Surtees & Apperly,
2012). This inability to suppress their own viewpoints may reflect a general difficulty with
resistance to interference in individuals with ASD. Individuals with ASD have a deficit in
interference control (Geurts et al. , 2014) and the results of this study may reflect this deficit.
This could also indicate difficulties with selectively attending to the depicted observer’s
perspective over the participant’s own perspective.
Although, the participants with ASD may have difficulties suppressing their egocentric
viewpoints when completing the VPT2 eye tracking task, this was not the case when directing
others on the visual perspective taking language task. They were able to verbally direct another
person as accurately as their neurotypical peers using similar allocentric language strategies (i. e.
, using language to take into account the examiner’s image rather than their own) which was
contrary to the hypothesis that they would use object-focused language. There are several
possible reasons for the discrepancy of the results between the VPT2 and language tasks. The
VPT2 eye tracking task required the children to perform the task with greater variability in
degrees of angular disparity between the child’s and observer’s viewpoints when compared to
the language task. In order to make VPT2 decisions with the use of disembodied strategies,
mental rotation is required (Surtees, Apperly, & Samson, 2013). Previous research has shown
that the mental rotation of three dimensional, non-social stimuli, is an area of strength for
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individuals with ASD (Soulières et al., 2011; Falter et al. , 2009) and the ability to complete
spatial tasks with little linguistic requirements is a general strength for this population
(Bochynska et al., 2020). Therefore, it was hypothesized that the participants with ASD would be
as accurate or more accurate than the neurotypical participants. The mental rotation task findings
in this dissertation revealed that the participants with ASD were as accurate as the neurotypical
participants. This task included the same degrees of angular disparity as the VPT2 eye tracking
task. The children with ASD were as accurate as the neurotypical children. Therefore, the range
of degrees of angular disparity did not play a role in the discrepancy between the results in the
VPT2 eye tracking task and the language task for the participants in this study. All of the
participants in this study had average non-verbal intelligence scores and there was a limited
range of standardized language scores and ADOS scores. Mental rotation abilities may vary
more widely in the general population of individuals with ASD who have a larger range of nonverbal intelligence, language, and ADOS scores across the entire spectrum of autism.
Additionally, it was hypothesized participants with high non-verbal intelligence and
language scores would perform better on the VPT2 task. This was not the case. There were no
individual differences between language scores, non-verbal intelligence scores, and VPT2
performance. In this study, there were no group differences in non-verbal intelligence and even
though there were group differences in language scores, the language scores of participants with
ASD were not fully indicative of the range of language abilities in people with ASD. Therefore,
non-verbal intelligence and core language abilities did not impact scores on this task but they
may give a larger range of scores in both of these areas.
Another possible explanation for the discrepancy in the results between the two tasks is
the difference in task design. For the VPT2 eye tracking task, the participant was required to take
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the perspective of the depicted observer. But in the language task, the participant did not need to
take into account the listener’s perspective, only the listener’s paper. As discussed previously,
individuals with ASD have difficulties following other’s eye gaze (Gillespie-Lynch, Ellias,
Escudeo, Hutman, & Johnson, 2013) and spend less time than neurotypical individuals looking at
facial features that are important for communication (Pelphrey, 2002). However, the participants
did not need to look at the observer’s face when completing either task. In order to complete the
VPT2 eye tracking task, the participant was required to take into account the position of the
depicted observer (i. e. , an avatar). They did not need to look at the avatar’s face or eyes. They
could perform the task accurately by looking only at their depicted observer’s legs and position
in space when compared to the table that held the number. Fixation results revealed that they
looked at the body of the depicted observer more than at the head. They did not spend a lot of
time fixating on the important facial features for communication, but they did spend time taking
into account the depicted observer’s location in space. In contrast, when completing the language
task, the participant needed to look only at the listener’s paper and was not required to take into
account the listener’s position in space. Therefore, individuals with ASD are able to take the
perspective of another person if the social component of considering another’s position is space
is removed. The VPT2 eye tracking task required the participant to shift his or her gaze from the
number to the depicted observer but the language task only required that the participant shift his
or her eye gaze from their computer screen to the listener’s paper with the same image in a
different orientation. Therefore, the VPT2 eye tracking task required the social component of
switching from an avatar with humanlike qualities to a number when completing the task,
whereas the language task did not require this same type of switching. The ability to shift from a
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social to a non-social image is an area of weakness for individuals with ASD (Mo, Liang,
Bardikoff, & Sabbagh, 2019).
Although all of the trials in the VPT2 task required a social component, there was
variation in anthropomorphic features (more or less social) of the depicted observers. The
differences in anthropomorphic features did not impact accuracy and only impacted reaction time
given the geometric depicted observer. Although participants were slower given this observer,
they demonstrated fewer fixations to the geometric depicted observer than the depicted observers
with greater anthropomorphic features. This is contrary to previous studies where individuals
with ASD demonstrated more fixations to geometric stimuli (Pierce et al. , 2011; Pierce et al. ,
2016; Moore et al. , 2018). This was also the case for the neurotypical participants when given
the geometric observer. This may indicate strategy switching for this condition to the mental
object-rotation strategy that the neurotypical participants were also using. This switching of
strategies may be due to the participants ability to understand the geometric depicted observer’s
viewpoint more efficiently because it was there was less interference from the anthropomorphic
features found in the other depicted observers. This may have caused them to switch to a strategy
that was found efficient by the neurotypical participants. However, the slower reaction time
indicates that they were not as proficient using this strategy or less able to switch strategies. In
the language task, it was rare for all of the participants to switch language use types. This
suggests that individuals with ASD and neurotypical individuals use one strategy more
efficiently than switching between strategies.
Another possible reason between the differences between the two tasks relates to
selective attention. In the language task, participants verbally directed the examiner which might
have given them an opportunity to increase their focus on the task. In addition, the examiner
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asked clarifying questions which might have increased the participant’s attention to the task as
well, although, participants rarely switched language use types after hearing the clarifying
question. However, when given the VPT2 task, participants sat in front of a computer and were
not given verbal input outside of the practice trials. Individuals with ASD demonstrate
overselectivity and attend to stimuli that are not necessarily of importance to complete tasks.
They may attend to irrelevant information that will not help complete a task rather than attending
to the vital information (Tyndall, Ragless, O’Hara, 2018). The impact of task design and
selective attention on individuals with ASD should be tested in future VPT2 research studies.
Future Directions
Additional research is needed to identify predictors of VPT2 abilities in individuals with
ASD. Previous research has shown that inhibitory control (Qureshi, Apperly, & Samson, 2010;
Surtees & Apperly, 2012) and mental rotation abilities (Schober, 2009) are important predictors
of VPT2 abilities in the neurotypical population. There may be other predictors that warrant
further exploration such as including participants with more diverse language abilities and
general non-verbal intelligence. Additionally, it would be beneficial to examine cognitive factors
such as resistance to egocentric interference. In this dissertation, these more global factors
(CELF scores and TONI scores) did not predict VPT2 performance because the participants in
this study had a narrow range non-verbal intelligence and language abilities. Receptive
vocabulary also did not predict VPT2 abilities in individuals with ASD who had scores below
the mean (Hamilton et al. , 2009). One solution is to include participants with a broader range of
TONI and CELF scores and perhaps other standardized language test scores. But the most
valuable information may come from more specific and relevant measures of language, social
skills, and cognition. Identifying these predictors is important because visual perspective taking
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goes beyond how another person sees a number. In order to socialize with another person, it is
important to understand how that other person sees the world around himself. The inability to
understand another’s visual perspective could lead to a breakdown in oral and written
communication with others. Therefore, it is important to obtain a more complete understanding
of the predictors of visual perspective taking.
It is possible that training VPT2 might have cross-domain effects on inhibitory control,
resistance to interference, spatial language use, and social interaction. Currently, there are a few
VPT2 training studies. Two of these studies include a study with a robot as a depicted observer
(Wood, Dautenhahn, Robins, & Zaraki, 2017) and a computerized game (Geurts et al. , 2014).
Although these studies are promising, they are still in earlier stages of piloting. Geurts, Vanden
Abeele, Van Keer, and Isenborghs (2014) used computerized games with Sifteo cubes to train
VPT2 in preschoolers. Although they found significant gains in performance from pre-test to
post-test, they did not have a control group to conclude that the computerized games caused the
results. Although conclusions could not be drawn, this may be a potential intervention tool that
would benefit individuals with ASD given modifications. In this game, the children were
required to take the perspective of depicted observers which included a fish or penguin. They
then had to shift their attention from the observer to shapes surrounding it on different Sifteo
cubes. Individuals with ASD demonstrate difficulties shifting their attention from social to nonsocial images (Mo et al., 2019) so initially shifting from a penguin to a shape may be difficult.
Changing the observer to a preferable non-social image (e. g., airplane) may give individuals
with ASD foundational skills in understanding VPT2. In time, the social components can get
added into the computerized program in order to lead to generalization into the child’s natural
environment.
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In summary, the VPT2 abilities in individuals with ASD are not completely
straightforward. Although, they are less accurate than their neurotypical counterparts when
performing a VPT2 task, they are able to use allocentric language as accurately to direct another
person on a visual perspective taking task.
As stated in the introduction, a hallmark deficit of ASD is difficulty in recognizing
environmental perspectives other than their own. A deficit in perspective taking can negatively
impact a person’s ability to understand another’s viewpoint which could impact a person’s
abilities to follow directions or engage in a conversation with another person. The results of this
study reveal that this is not a straightforward deficit and there may be many factors that may play
a role in VPT2 within this population.
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Appendices
Appendix A1
VPT2 experimental stimuli
Observer

Degree of Angular
Disparity

Image

Geometric

0

6

Geometric

0

9

Geometric

45

6

Geometric

45

9

Geometric

90

6

Geometric

90

9

Geometric

135

6

Correct Response
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Observer

Degree of Angular
Disparity

Image

Geometric

135

9

Geometric

180

6

Geometric

180

9

Geometric

225

6

Geometric

225

9

Geometric

270

6

Geometric

270

9

Geometric

315

6

Correct Response
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Observer

Degree of Angular
Disparity

Image

Geometric

315

9

Cartoon

0

6

Cartoon

0

9

Cartoon

45

6

Cartoon

45

9

Cartoon

90

6

Cartoon

90

9

Cartoon

135

6

Correct Response
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Observer

Degree of Angular
Disparity

Image

Cartoon

135

9

Cartoon

180

6

Cartoon

180

9

Cartoon

225

6

Cartoon

225

9

Cartoon

270

6

Cartoon

270

9

Cartoon

315

6

Correct Response
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Observer

Degree of Angular
Disparity

Image

Cartoon

315

9

Realistic

0

6

Realistic

0

9

Realistic

45

6

Realistic

45

9

Realistic

90

6

Realistic

90

9

Realistic

135

6

Correct Response
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Observer

Degree of Angular
Disparity

Image

Realistic

135

9

Realistic

180

6

Realistic

180

9

Realistic

225

6

Realistic

225

9

Realistic

270

6

Realistic

270

9

Realistic

315

6

Correct Response
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Observer

Degree of Angular
Disparity

Realistic

315

Image
Correct Response

9
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Appendix A
Appendix A2
Stimuli for Mental Rotation experimental task
Image 1

Image 2

Degree of Angular
Disparity

Accurate Response

0

same

0

same

0

same

0

same

0

same

0

different

0

different

0

different

0

different
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Image 1

Image 2

Degree of Angular
Disparity

Accurate Response

0

different

45

same

45

same

45

same

45

different

180

same

180

different

180

different
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Image 1

Image 2

Degree of Angular
Disparity

Response

180

different

180

different

180

different

225

same

225

same

225

different

225

different

225

different
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Image 1

Image 2

Degree of Angular
Disparity

Accurate Response

270

same

270

same

270

same

270

different

270

different

315

same

315

same

315

different
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Image 1

Image 2

Degree of Angular
Disparity

Response

315

different

315

different

90
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Appendix A
Appendix A3
Stimuli for Language experimental task

Correct placement

Listener's
image

Participant's
image

91

Trial

Image

Degree

0airplanebelow

airplane

0

90airplanebelow

airplane

90

270airplaneleft

airplane

270

180airplaneright

airplane

180

0airplaneabove

airplane

0

180bananaleft

banana

180

270bananaright

banana

270

0bananaright

banana

0

90bananaabove

banana

90
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Correct placement

Listener's
image

Participant's
image
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Trial

Image

Degree

90bananaright

banana

90

270bikeabove

bike

270

0bikeleft

bike

0

180bikeleft

bike

180

180bikeabove

bike

180

90bikebelow

bike

90

0birdbelow

bird

0

270birdbelow

bird

270

180birdabove

bird

180

90birdright

bird

90
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Correct placement

Listener's
image

Participant's
image
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Trial

Image

Degree

270birdabove

bird

270

180dogleft

dog

180

90dogleft

dog

90

270dogleft

dog

270

0dogright

dog

0

0dogabove

dog

0

90panright

pan

90

0panright

pan

0

270panleft

pan

270

180panabove

pan

180
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Correct placement

Listener's
image

Participant's
image

94

Trial

Image

Degree

90panabove

pan

90

180hammerabov
e

hammer

180

90hammerbelow

hammer

90

270hammerleft

hammer

270

180hammerabov
e

hammer

180

0hammerright

hammer

0

270mugright

mug

270

90mugbelow

mug

90

0mugleft

mug

0

180mugabove

mug

180

270mugleft

mug

270

VISUAL PERSPECTIVE TAKING IN ASD

Correct placement

Listener's
image

Participant's
image
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Trial

Image

Degree

0sharkabove

shark

0

270sharkright

shark

270

180sharkright

shark

180

90sharkbelow

shark

90

0sharkleft

shark

0

270truckabove

truck

270

0truckbelow

truck

0

180truckleft

truck

180

90truckright

truck

90

90truckabove

truck

90
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